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PREFACE 

It is now nearly twenty years ago since Professor Sidney 
Russ and I published the first collected account of the general 
action of Radium and X rays on living tissues The present 
work is likewise the first book of its kind and here I have 
endeavoured to give some account of the methods by which 
radiations produce their effects on cells tissues and neoplasms 
The science of Experimental Radiology is still m its infancy 
notwithstanding the fact that a great deal of progress has 
been made in recent years but a vast amount of information 
has accumulated, and what is more it has given indications 
of the directions towards which future investigations may 
most profitably be directed The matter is not one of 
theoretical and academic interest but rather of intense 
practical importance especially as regards the radiation 
therapy of malignant disease The idea that the action of 
radiation upon cancerous growths is purely local is now 
discredited bj many competent observers and clinical as 
well as experimental evidence points to a much more 
widespread effect 

It is now over a year since this Essay was originally 
written, the manuscript was not availablo for publication 
until near!} the middle of August when not only were 
printing facilities almost suspended but I was otherwise 
employed on work which necessitated almost unremitting 
attention Nevertheless the greater part remains as it was 
wntton with the exception of the description of the work 
upon autolysis which has been considerably expanded In 
this aa in many other pieces of w orh I have had the privilege 
of tho collaboration of m\ fnend Dr R J Gladstone FJR S E 
and it is to his kindness that I am indebted for permission 
to publish our joint u ork hero before it has appeared else- 
where To all mj fellow workers at tho Bamato Joel Lahore 
tones of tho "Middlesex Hospital I tender rm sincere thanks 
for their kind help and especially to Miss I) F Clophan and 
Mi's Jean Boyd tho former has helped mo by eontnbutmg 
somo of tho Illustrations and reading the proof sheets whilst 
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the latter rendered me inestimable service m transcribing 
the MS for submission to the Judges for the Garton Pnre 
To all who have allowed me to reproduce illustrations, I 
am deeply grateful and acknowledgements will be found in 
the list of illustrations 

In conclusion I have to thank the Medical Research 
Council for a grant extending over several years during which 
most of my own work which appears here was earned out 
My acknowledgements are also due to the British Empire 
Cancer Campaign, the holders of the copyright of this Essay 
for hindy permitting its publication 

HECTOR A* COLWELL 

BARN A TO JOEL LABORATORIES 
MIDDLESEX HOSPITAL 
LONDON 

Marth 1935 
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INTRODUCTION 

The discovery of \ rays by Rtratgen in November 1895 
followed by that of radioactivity by Becqnerel in February 
1890 may fairly be said to have opened a new era in science 
problems which had hitherto seemed of merely academio 
interest acquired practical importance and stimulated new 
fields of research. The fruits of this work are known to all, 
not only m the medical and surgical uses of X rays and 
radium and m the application of the former to industrial 
purposes but in the stupendous changes which have been 
wrought in the domain of chemistry and in the realization 
of the ultimate relationship between physical and chemical 
phenomena As has been justly remarked by Bayllss it is 
impossible in the light of recent research to dissociate the 
two subjects of physics and chemistry It is a useful and 
indeed necessary practical convention to speak of the sciences 
as distinct but every advance in knowledge goes to eetablish 
their interdependence and we are already beginning to require 
explanations of chemical phenomena m terms of electrons 
The chemical atom has been deposed from it* former proud 
pre-eminence as being— m some eighty or more different forma 
— the ultimate structural unit of matter proton electron 
neutron and possibly other sub-atomio units have sue 
ceeded and in their turn are being subjected to the search 
light* of critical analysis Investigations upon colloids have 
opened up a vast mme of unsuspected wealth of results in 
the field of research, and experiments upon matter in the 
colloidal state have given consistent explanations of manv 
fundamental reactions in biochemistry Since protein* are 
typical members of this group the importance of colloid 
chemistry m the present connexion is manifest 

In what used to be termed the pure biological sciences 
progress has been no less marked the methods of tissue 
culture vital staining and micro-dissection have beenproduc 
tive of a marvellous harvest of results and have liberated 
us from what Jbchael Foster justly termed the pitfalls of 
carmine and Canada Balsam Depreciation of the older 

B 
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The discovery of X ravB by Rbntgen m November 189C 
followed by that of radioaotivity by Becquerel in February 
1 890 may fairly be Raid to have opened a new era m science 
problems which had hitherto seemed of merely academio 
interest acquired practical importance and stimulated new 
fields of research The fruits of this work are known to all, 
not only m the medical and surgical uses of \ rays and 
radium and m the application of the former to industrial 
purposes but m the stupendous changes whioh have been 
wrought in the domain of chemistry and in the realization 
of the intimate relationship between physical and chemical 
phenomena As has been justly remarked by Bayliss it is 
impossible in the light of recent research to dissociate the 
two subjects of physics and chemistry It is a usefnl and 
indeed necessary practical convention to speak of the sciences 
as distinct but every advance in knowledge goes to establish 
their interdependence and we are already beginning to require 
explanations of chemical phenomena in terms of electrons 
The chemical atom has been deposed from its former proud 
pre-eminence as being — in some eighty or more different forms 
— the ultimate structural unit of matter proton electron 
neutron and possibly other sub atomio units have sue 
ceeded and in their turn are being subjected to the search 
lights of critical analysis Investigations upon colloids have 
opened up a vast mine of unsuspected wealth of results in 
the field of research and experiments upon matter m the 
colloidal state have green consistent explanations of many 
fundamental reactions in biochemistry Since proteins are 
typioal members of this group the importance of colloid 
chemistry in the present connexion is manifest 
In what used to be termed the pure biological sciences 
progress has been no less marked the methods of tissue 
culture vital staining and nffcro-disaectian have been produc- 
tive of a marvellous harvest of results and have liberated 
us from what Michael Foster justly termed the pitfall* of 
carmine and Canada Balsam Depreciation of the older 
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histological methods of examination by fixation and staining 
is not implied by this phrase these are neither obsolete nor ob 
soleeoent but essential for many lines of research Rather the 
old and the new methods are complementary one to another 
and a comparison of the results obtained by various mothods 
has led to the eluoidatdon of many doubtful problems and has 
allowed established fact to replace hypothetical speculation 

The methods of micro -dissection have been widely ex 
tended and tho foundations of a science of intraoellular 
chemistry and physios have been well and truly laid 

It is clear that the investigation of the notions of radiations 
upon living tissues is no light task that it covers an immense 
field and embraces a wide range of very different subjocts 
It might seem almost impossible to correlate and coordinate 
suoh a diverse wealth of material but the attempt has boon 
mado and somo at least of the resulting phenomena have 
reoeived rational explanation upon a physico-chemical basis 
The problem is nevertheless, far from being solved and all 
that can be attempted hero is to collect somo of tho results 
of experimental work and then to dismiss the various ways 
In which they may have contributed m part at least to tho 
solution of our problem. 

Upon what seems a very common source of fallaoy and 
one which in my opinion has tended to obscure even more a 
very difficult question I think it necessary to insist at the 
outset this is the idea that any ono single explanation oan 
be found for those highly complex and various changes suoh 
a new it seems to mo is bound to be insuffioiont Too 
often has the attempt been mado to explain tho action of 
radiation m terms of the real or supposed aotion of tho rays 1 
upon somo particular cell constituent — suoh as lecithin or 
cholesterol — or upon some particular organ or tissue — such 
as tho blood vessels or the sympathotio nervous system 
Experimental findings must be the basis of our inquiry and 
when they appear discordant, the cause of the discrepancies 
must be sought out There are probably many elements of 

1 For purpose* of brentj wo «h*H often n*o the term f! r»y* in *po*kmg 
of the p rulaUkKU, v ithoct pro j udioo to older or Uter view* upon their 
ooenti*! nature. 
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truth in the various hypotheses which have from tune to tune 
been put forward it is our task to coordinate these expen 
mental results and, above all to remember that thev are not 
necessarily mutually exclusive 

There is vet a further point upon which caution appears to 
be necessarv It is sometimes found that some particular 
explanation of a given senes of events is m accordance with 
a simple mathematical statement and the conclusion is 
therefore reached that the explanation m question must be 
the tree interpretation of the events under discussion Bayhss 
—than whom we need require no more competent authonty 
on such matters — has ahead v drawn attention to this possible 
source of error and has given the well known example of the 
rate of beat of the isolated mammalian heart with nse of 
temperature It lias been found he says that this rate is 
directly proportional to the absolute temperature just as 
some simple physical phenomenon such as the expansion of 
a gas The conclusion might be drawn that no chemical 
process occurs in the heart and that the beat 1 a a purelv 
physical process which is absurd. Such explanations mav 
be true they are not neceesarflv so 

The most convenient and logical method of approach will 
probably be first to oonsider some points in connexion 
with the structure and physico-chemical behaviour of the 
normal cell then to deal with the action of radiations upon 
normal cells in the light of experimental data next to pass 
m review some of the metabolic changes resulting therefrom 
and, finally to assemble and re-examine our findings in the 
light of clinical experience 

In view of their very limited range of therapeutic applies 
tion it mav he thought that m the following pages undue 
prominence has been given to the action of /? radiations Their 
study nevertheless affords valuable m form a ti on, especially as 
indicating the direction m which possible changes brought 
about bj the X and y-ravs 13 to be sought In addition to 
this is of course the fact that both X and y rays give rise to 
secondary electrons which are probably the essentially active 
agents in the production of man} chemical and biological 
phenomena arising from exposure to these radiations 




CHAPTER I 

THE CELL 


Even' at the cost of repeating well known facts it may be 
desirable to give a brief account of the structure of a typical 
animal cell With the vegetable cell we are not here con 
cemed there are well marked differences both in structure 
and function between animal and vegetable cells The most 
prominent of these differences may be mitialh traceable to 
the fact that very early in the evolution of the vegetable as 
distmot from the animal phylum a wall of cellulose was 
secreted which is not represented in animal cells 

For our present purpose a cell may be defined as an 
organized protoplasmic unit with a differentiated nucleus 
cytoplasmic inclusions and an external limiting membrane 
Summarized in tabular form these constituents may bo 
expressed thus 

(1) Cell membrane 

/micTO*oir«a 
(a) Granule*^ 

macrosome* 

(2) Cyioplarm and inclusions (ft) Mitochondria 

(c) Golgi apparatus 
,(d) Chroimdia 

(3) \ urlrut ^nth nuclear membrane and nucleolus 

The Cell Membrane 

It was long a debated question whether a differentiated 
external oeD membrane existed in typical animal cells The 
question has been answered m the affirmative by the methods 
of micro-dissection and the cell membrane shown to possess 
some remarkable properties which are probably of funda 
mental importance in the life of the cell. 

In the first place may be mentioned the example quoted 
by Chambers of two pairs of mesenchyme cells observed m 
tissue cultures from the embryo chick. In the former pair 
the two cells were apparently completely separated except 
for a narrow connecting thread of protoplasm On puncturing 
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ono of these cells with the micro -dissection necdlo a coagula 
tion of tho nuolous of tho injured coll immediately occurred 
After a fow seconds this was followod by coagulation of tbo 
nuolous of the uninjured and apparently eopamto cell Tho 



Fio 1 Diagrammatic rcprf oo Utlon of n cell liighly magnified. Tho 
cell i* limited by a coll nKcmbrane and contain* a nuckma with a wall 
defined nucloolif*. Tbo protoplasm of the coll body (trytophum) ia composed 
of a finely granular matrix {hyaloplasm) tmvoraed uy a network of fibnU 
(oytorotkulum or apongwplaam) Noar tho nuoleua h a dear body the 
controaomo or attraction anhnro, ooc taming a control body oc oentrfolo 
Tho CTmtroaomo n surrounded by a Golgi apparatus, ahkh eonaiatj of fine 
thread Id® filaments imbedded in a aphore w clear h\ aloplaam. From tho 
controaotno granules radiato outwanla into tlw aunounding protoplaam 
forming an aster Tbo coll body contains al*> aomo froo mitochondria, 
•ccrotory gmnuioa, vacuoles and parapbwmio bodtc*. 

Tho fignro u a compietoly tdoobaod one j vanotn ataining method* would 
bo no«a*ary to shenr tho different structure* indicated. (QUdrtooe ) 

effects of tbo injury bad boon propagstod to tJio untouobcd 
cell in virtuo of tbe protoplasmic oontlnuiU between them 
In a second pair of mesenchyme oclls tbo rot erso typo of 
conditions obtained Two cells were so oloaoly contiguous 

\ 
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THE CELL 

that they presented the appearance of a single binncleato 
celL On injuring this mass of protoplasm as before an 
immediate coagulation of the nuoleus adjacent to the site of 
injury occurred the cells responded by partially withdraw 
mg from each other the presence of two investing cell 
membranes became apparent and only the one nucleus 
underwent coagulation 



Fio i. A p*ir o/ cell* competed only by a narrow flkmmt of protoplasm, 
y*t cm puncturing ooo of tbc*o cell* by the mrcro-duacctian needle the 
injury it tranrautted to the othe cell, •« ah own by the coagulation of the 
nnchma in both. (Cowdry ■ Qtneral Cytology ) 



Fio S. A pair of cell* apparently forming a single binoctat a protoplasmic 
unit t yet on puncturing one aa before the cell* aeparate and nuclear 
coagulation occur* only m the Injured cell. (Cowdry a General Cytology ) 

This is a remarkably striking instance of the propagation 
of injury by protoplasmic continuity and of its re stri ction 
'there cells are separated b\ distinct cell membranes each 
cell acts as a separate unit and this independence is a function 
of the integrity of the cell membrane Incidentally the fact 
is emphasited that optical differentiation of the cell mem 
brane may be absent or obscure 
If the cell membrane of an echinoderm ovum is tom one 
of tuo things may happen according as the tear is slight and 
gradual or sudden and extensive If the puncture be very 
gently done a portion of tho cell with its surface membrane 
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can be drawn out and finally separated. The extended 
portions are withdrawn and the oell membrane doses the gap 
in the ovum. (Lewis 1622 ) 

A similar occurrence can be noted in the amcehoid move 
merits of some protozoa If a portion of the protoplasm (and 
cell membrane) adheres to the medium upon which it is 
moving the adherent part is left behind attachod at first 
to the rcet of the cell by a strand w r hioh becomes finer 
and finer as the separation increases until eventually rupture 
is complete The broken strand attached to the main cell 
is slowly withdrawn, the protoplasmio fragment retracted 



Fla 4. To abow the dimmt^graling effect produced on the eyf opium ot * 
cell (*tar flih egg) by rough tearing of the cell membrane. On the right, an 
enlarged vuyw of the dtain t egra tmg cytopla*ra- (Ccnrdry’a Gentml Oytology ) 

into the body of the cell and the gap dosed by the oell 
membrane 

If on the other hand the cell membrane be roughly and 
extensively tom disintegration of the oytoplasm ooours im 
mediately at the site of injury and rapidly spreads Attempts 
at closure of the breach by the formation of local surface 
films have been observed but they are generally abortive 

A further characteristic of the cell membrane is its semi 
permeable nature as demonstrated by the micro-injection 
methods of Chambers (1922) From these experiments it can 
be seen that electrolytes and dye-stuffs dissolved in the but 
rounding medium do not tend to enter the uninjured cell 
When introduced beneath the surface film by the micro- 
injection pipette they exert their characteristic effects These 
2 fleets differ according to the chemical nature of the sub- 
stances introduced Thus if basic dyes — e.g Janus green 
methylene bluo neutral red — arc injected, they produce a 
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THE CELL 

local stained coagulum which disintegrates and is dissipated 
throughout the cytoplasm If on the other hand the dve is 
acid m character— e.g trypan blue trypan red eosin, 
add fucham, alizarin — no coagulum occurs but liquefaction 
If the amount injected ia sufficient death occurs but when 
used m small enough quantity to allow of recovery the dye 
spreads through the cell and diffuses out 

The point to be observed is that the uninjured cell mem 
brane is of the semi permeable variety A very striking 
example of this is to be found m the chemioal analysis of the 
sodium potassium content of blood plasma and red cor 
pxiscles made by Abderhalden In the plasma the sodium 
content is high while the potassium content is nil m the 
corpuscles the potassium content is high and the sodium 
content minute 



Red Corpuscle* 

Blood plasma 


Port* per JfiOO 

Parts per 1 000 



4 333 

K 

3 3 M 

o-fai 


Another well known example is that sodium and chlorine 
ions are practically absent from muscle fibres but present 
m the blood plasma 

A brief consideration must now be given to the probable 
structure of the cell membrane It is regarded as formed by 
the surface condensation of certain elements of the proto- 
plasm and a characteristic property is that it is found to be 
permeable to objects of visible dimensions as seen, for 
example in the ingestion of bacteria in the process of phago- 
cytosis or in the ingestion of other organisms by the amceba 
In these cases permeability is caused by direct local rupture 
of the film by the particle m question, after which its in 
tegrity is restored. In the case of ions or of colloidal micelle 
penetration can only take place if these are of sufficiently 
small dimensions to paaa through the pores in the film Th e 
condition in the hnng cell is howerer found to be of a 
more complex character since the permeability of the film 
to ions or colloidal micelhe is observed to differ when the 
oell is in the active or the resting state 
o 
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THE CELL 

The chemical nature of the cell membrane is in aU prob* 
bility one of great complexity bat experimental evidence 
points to it being a system involving at least two ewentul 
phases One is a watery solution of protein, the other u * 
lipoid phase The permeability of the cell membnne n 
thus a function of the activitv of the coll and the oondiboni 
obtaining in different oiroumstancee may be briefly flam 
manxed in tabular form as follows 

In tho renting Male of 
In all Matet of tMt ctU tA* etlL 

The membrane b ra The membrane la m 
wuir,K to anbatanoofl rrjiMraBU to moat 
•olable In water and alto aalta (except eertaln 
In olla or IipoHa. Such aalta of ammonium), 
are i urea, oxygen, car to gloeoae and to ami 
bon dioxide, •ome am no-ad da. 
roonlum aalta, alcohol, 
and chloroform- 

Bajlira, from whom the above facts are taken, proceeds 
to say 

The facte mentioned support the auggeati an made by Clowee that 
the membrane ia a system of two phases, a watery eolation of pro t cm 
and a lipoid phase In the mating state, the lipoid phftW la the 
extomal or oontmuoua one eo that the pores between tbe 
of tbe watery phase are filled with lipoid and can only be by 

substances soluble therein In tbe state of activity the portion 
the two phaaee la reversed Here the wniery phase la now continue®*, 
ao that any substance eoluble m water even if Insoluble in hpo*d, 
can now pern through 

It has been experimentally shown by Clowes that artificial 
systems of this oharaoter can undergo such a reversal of pb ** 6 

Accepting this view of the constitution of the cell mem 
\ brane there are two conditions necessary for a substance 1 
(to be able to penetrate it If of molecular or ionic dimensions 
it must be soluble m what happens at the time to be tbe con 
Vtmuous phase of the film but to pass between the elements 
lpf the disperse phase if the substance is of the order of ak* 
df a colloidal particle it must be sufficiently small to paes 

\ That 1*. of court©, apart from th© medwouxl temporary ruptorc 
rrferred to prorioualj m tb© cm© of mtcrotoopw*!!/ riwblo object*, anch U 
btetuu. 


In lAt *cth» Matt f 
lAt c<& 

The nxanbran* k rr»- 
wiin.H to aafti, gbh 
coao, and amino add*. 
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through the pores In considering molecular or ionic dimen 
cons the associated ■water molecules must also he taken into 
account 

It will be noted that gluoose is an important source of 
energy for the active cell while ammo acids are the build 
ing stone* out of winch the cell protoplasm is to be elaborated 
The membrane accordingly become* permeable when these 
substances are particularly needed Similarly potassium is 
necessary for the carrying out of the speciflo functions of the 
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Pia 5- To ■how th® effect of membrane permeability on dutrfbotfan of 
k«r» In tlifi left bind figure the membrane u impermeable to both kitlcm* 
and amort*. In tlie right hand it » permeable to anion*, which paaa through, 
hot not to Itatlooa, Owing to eleclrio force of attraction, the antoca form a 
layer on the aurfaee ot the membrane 

muscle-cell, and It is precisely m this state of activity that 
the membrane is permeable to the potassium ion. 

There is a farther condition which arises from the perinea 
bUity or impermeability as the case may be of the cell 
membrane to the ions of dissociated electrolytes In this case 
it resolves itself into a question of the distribution of electno 
charges 

If as suggested in the diagram it is the kation whioh is 
unable to escape it will be retained inside the cell while 
the anion passes through tho membrane Owing to the force 
of electrostatic attraction, the anions will tend to form a layer 
on the outside of the cell. Anything interfering with the per 
meablhty of the membrane will obviously tend to interfere 
with these conditions In normal muscular activity for 
instance it has been established that there is actual increase 
m the permeability of the membrane the kabons hitherto 
unable to pass through will now be able to do so and the 
result will be the passage of an electno current 

It is probably evident from the preceding account that the 
cell membrane is capable of playing a verj important part 
in the metabolism of the cell, and consequently that anj 
interference with its normal properties will lead to alterations 
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Tbo chemical nature of the cell membrane is m all prob* 
billty one of great complexity, bat experimental evidence 
points to it being a system involving at least two essential 
phases One is a -watery solution of protem the other ii a 
lipoid phase The permeability of the cell membrane h 
thus a function of the activity of the cell and the condihow 
obtaining in different circumstances may be briefly mm 
manxed in tabular form as follows 

In Oit noting ttaU of 
In all Mate* of the cell. th* cell. 

Tha mmnbrano U peh The membrane 1 * m 
ittaihx to aubfiancea rr.nuru.eus to moat 
•oinble m water and *Uo calti (except certain 
in oil* or liporda. 8 ucb aaltn of ammonhnn), 
are nrra, oxygen, oar to glucose and to aml- 
bon droxide some am no -add*, 

moniiim aalta, alcohol, 
and chloroform. 

Bajliss from whom the above facts are taken proceedi 
to say 

Tho facte mentioood rapport tbo suggestion made by C 3 ove» tot 
the membrane in a system of two phases, a watery aolution off* 0 * 
and a lrpoid phase In the renting state the lipoid ph**> » 
external or continuous one so that the pores between the 
of the watery phase are filled with lipoid and can only be P**** ■, 
substances soluble tberetn In the state of activity the positk * 1 
the two phases is reversed Here tlie watery phase Is now fan 0001, 

•o that any substance soluble In water even If insoluble m hp**^ 


In tXt active if 
On all 

The membrane a lx*' 
to ash*, 

co&a, andtmnjo stub. 


can now pass through. 

It baa been experimentally shown by Clowes that artificial 
systems of this character can undergo such a reversal of pha*® 1 
Accepting this view of the constitution of the oell 
brane thero are two conditions neoessary for a substanev 
to bo able to penetrate it If of molecular or ionic dimensions 
it must bo soluble m what happens at the tune to be the con 
\ tinuoua phase of the film but to pass between the element* 
\°f the disperso phase if the substance is of the order of 
dk f a colloidal particle it must be sufficiently small to P*® 

Hj tty *** cou - r * ri . «P*rt from tho mw rhinf ml temporS-ry 

to pnnomiy m tbo e**o of mlcro*coplo«Ily vi*iW# object*. nch 
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through the pores In considering molecular or ionic dimen 
aions the associated water molecules must also be taken mto 
account 

It will be noted that glucose is an important source of 
energy for the active cell while amino-acids are the build 
ing stones out of which the cell protoplasm is to be elaborated. 
The membrane accordingly becomes permeable when these 
substances are particularly needed. Similarly potassium is 
necessary for the carrying out of the specifio functions of the 


Pia 0 To «}ktw the ©fleet of membrane permeability on diatribntjoo of 
Ion*. In the left band Qgnre the membrane i* impermeable to both k* tiara 
and an Iona- In tlrf> right hand it ia permeable to anion*, which paaa through, 
but not to kations. Owing to electno (ore© cf attraction, the an km* form a 
layer on the surface of the membrane. 

muscle-cell and it is precisely in this state of aotmtv that 
the membrane is permeable to the potassium ion. 

There is a further condition which arises from the perinea 
bility or impermeability as the case msy be of the cell 
membrane to the ions of dissociated electrolytes In this case 
it resolves itself mto a question of the distribution of electric 
oharges 

If as suggested m the diagram it is the kation which is 
unable to escape it will be retamed inside the cell while 
the anion posses through the membrane Owing to the force 
of electrostatic attraction, the anions will tend to form a layer 
on the outside of the cell. Anything interfering with the per 
meabihty of the membrane will obviously tend to interfere 
with these conditions In normal muscular activity for 
instance it has been established that there is actual increase 
m the permeability of the membrane the kations hitherto 
unable to pass through will now be able to do so and the 
result will be the passage of an electric current 

It is probably evident from the preceding account that the 
cell membrane is capable of p la ring a very important part 
in the metabolism of the cell, and consequently that any 
interference with its normal properties will lead to alterations 
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in tho coll metabolism As Jacobs observes there Is aumvor 
sal property of cells to limit in a moans often vory complex 
tho diffusion of dissolved substances 

We shall lator on show that radiations are capable of 
affecting tho cell membrane and m one case at any rate of 
producing such changes as to allow of the passago out- 
wards of a substance to whioh the membrano is normally 
impermeable 

The Cytoplasm and Cytoplasmic Inclusions 

The cytoplasm itself is a colourless and translucent sub- 
stance often containing imbedded granules and vacuoles 
oraminod under dork-ground illumination it is therefore 
optically heterogeneous Tho granules vary much in sire 
and character according to the typo of coll oxammod. Of 
these thoro Is ono typo tho microtome rather less than 1 n 
m diameter, whioh appears to bo universally present not- 
withstanding its minuto sire it is plainly vraiblo owing to its 
highly retractile character Microsomes aro of special histo- 
logical importance since under dark-ground Illumination 
thoy givo tho appearance of luminous discs which may or 
may not show Brownian movement In low states of vis 
cosity this is marked wlulo with sufficiently high degrees 
it disappears 

Tho macroaomes measuring from 3 to 4 p in diameter 
approach so close]} m refractivity to tho surrounding oyto- 
plasm that thoy ore muoh less evident than tho microsomes 
It is quito probablo that tlio} aro nutritive in oharactcr 
Thoy are probably fluid and tond to run together when cyto- 
lysis occurs Other cytoplasmic Inclusions are well marked 
such os oil globules secretion granules deposits of gl}Oogon 
and other materials concerned oithor in secretion or nutn 
tion these vary in nature sizo and numbor according to tho 
typo of coll under examination, 

Tho mitochondria Owing to tho cnsil} solublo character 
of tbeso bodies in most ordinary fixing reagents their study 
is ono of tho coraporativol} recent developments of modem 
histolog} Tho amount of literature which has been a ecu 
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mulated on the subject 19 however enorfnous and the 
diverso functions which have been attributed to mitochondria 
is evidenced by tho number of names which from time to time 
have been given to them Cowdry (1918) recorded about 
ninety of these latter while the number of substances with 
the metabolism of which they have from time to time been 
associated is upwards of eighty The association of many 
or rather most of these is entirely fantastio and only one or 
two ore worthy of senous consideration 
Varying in form from relatively long filaments to almost 
granular shape they however appear to bo present in every 
type of cell hitherto examined whether animal or vegetable 
with the possible exceptions of non nucleated red blood 
corpuscles and of bacteria. It is also noteworthy that m many 
spermatozoa the mitochondria and nuclear elements of the 
original spermatozoon nro the only parts which enter the 
ovum at fertilization. Their practical ubiquity in cells of suoh 
varied types would point to their importance in cell meta 
holism Two micro-choraical reactions particularlv distin 
guish them Firstly their vital staining b\ the dyo Janas 
green B by this they arc first of all stained bluish green, but 
subsequent!} this undergoes reduction and the} become pink. 
Tho reaction is not only characteristic but highly specialized 
■mco very slight chemical differences in the dyo used will 
cause fafluro of tho reaction Tho second point Is their ready 
solubility in such reagents ns acetic acid or alcohol for their 
fixation special reagents especially those of tho bichromate- 
formaldoh\ do tvpo must bo used 

It has abend} been said that the} vnrv much in form but 
although tho length vanes cnormousK in different cells and 
in the same cell under different conditions of aotivit} their 
diameter appears to bo reroarknbly constant in the same type 
of cell Tlds would rather pomt to a certain limitation of 
depth wherein thc\ arc best ablo to manifest their activities 
It is obvious that structures of this kind must exposo rela 
tivclv largo surfaces and since extent of surface facilitates 
chemical reactions this indicates that their function is con 
neefed with the chemical phenomena of tho cell It is said 
that in ven \oung embryos of tho same typo roost of the 
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cells contain approximately the same number of mltochcm 
drift subsequent specialization of the oells leads to alterations 
in form and distribution, though m the same cell types con 
siderable uniformity is maintained To Regaud is due the 
interesting observation that with the evolution of spermato- 
gonia to more matured form the mitochondria show s 
marked increase in resistance to the action of dilute acetic 
add. 

For their chemical structure the evidence is admittedly 
largely negative they do not give Macallum s reaction for 
iron nor do they' stam with Sudan III From their behaviour 
towards ordinary fixing reagents and from their staining 
powers when so fixed the general conclusion has been reached 
that phospholipms probably enter largely into tbear com 
position. The evidence m favour of this view of the chemical 
constitution of mitochondria may be summarized under the 
following six heads (Covrdry 1918) 

1 They are soluble m alcohol ether chloroform and 
dilute acetic acid. They do not stain with Sudan III 
or Scharlach R and are only sometime* blackened by 
osmio aoid. 

2 With AlilJon s reagent they do not give the characteristic 

reaction which is given by proteins in which there is a 
hydroxyls ted benzene nucleus This absence of reaction 
is in marked contrast to the strongly positive reaction 
given with Mill on 0 reagent by zymogen granule** It is 
however admitted that the Slillon reaction be 
positive and yet not strong enough to show up against 
the s tamed cytoplasm in these extremely fine rod like 
or filamentous structures Cowdry s experiments faded 
to give a definite xanthoproteic reaction. No reactions 
characteristic of polysaccharide groups have been 
obtained 

3 Artificial mitochondria have been made m different salt 
and albumin solutions and have been found to give 
similar staining reactions 

4 The} appear to melt or dissolve somewhere about 
48 -GO C 

fi There appear* to be a correspondence between the 
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number of mitochondria Been and the phospholipm 
content a* determined by chemical analysis 
6 Injection* of lecithin given to fowls or pigeons hare 
been said to increase the number of mitochondria 
present m the oCcytee 

It has been suggested that they largelr function In the 
process of respiration certain!} with the development of 
haemoglobin in tho senes of cells which lead up to the forma 
tiou of the mammalian red blood-corpuscle they gradually 
diminis h as the haemoglobin content Increases A similar 
diminution is noticed in vegetable cells with the gradual 
increase in the formation of chlorophyll A special connexion 
with ondation was first suggested bv Kingsbury no evidence 
has been forthcoming to refute it and all observers who have 
speciallv investigated the point think that their results 
endorse this view Thus Haver Rathery and Schaeffer 
(1014) admitting the phospholipm character of mitochondria 
consider that owing to their power of auto-oxidation this 
chemical foundation would be suitable for the occurrence 
of processes of oxidation and reduction. Thev further con 
tider that in the mitochondria are unsaturated fattv acid 
and ethybdeno groups which have considerable affinity for 
oxygen It is further pointed out that such reagents as 
alcohol chloroform and ether while dissolving mitochon 
dna also depress respiratory oxidations while their universal 
presence in tho various types of cell is also held to point in the 
same direction 

From experiments with tissue cultures tho some conclusion 
was reached b\ Lems (1015) and Cowdn (1010) regarded 
his experiments with Janus green as supporting tho »amo 
view 

flogaud has put forward his electosomo theory namcH 
that mitochondria Meet and act upon certain substances in 
the cytoplasm according to tho specific function of the cell 
under discussion In some cells thev seem verv much more 
highly sensitive and more easily destroyed than tbe\ are in 
others In tho cells of tho central nervous system they show 
extraordinary stabOitv Ccrtalnh the great surface develop- 
ment of structures containing such c be mi call} active bodies 
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cells contain approximately the same number of mitochon 
dna subsequent specialization of the cells leads to alterations 
in form and distribution, though in the same cell types con 
siderable uniformity is maintained To Regaud is due the 
interesting observation that with the evolution of spermato- 
gonia to more matured form the mitochondria show a 
marked increase in resistance to the aotion of dilute acetic 
acad. 

For their ohemical structure the evidenoc is admittedly 
largely negative they do not give Macallum s reaction for 
iron nor do they stain with Sudan HI From their behaviour 
towards ordinary fixing reagents and from their st a i n i n g 
powers when so fixed the general conclusion has been reoohed 
that phosphohpms probably enter largely mto their com 
position. The evidence in favour of this view of the chemical 
constitution of mitochondria may be summarized under the 
following aix heads (Cowdiy 1918) 

1 They are soluble in alcohol ether chloroform and 
dilute aoetio acid They do not stain with Sudan III 
or Scharlaoh R and are only sometimes blackened by 
osmio acid 

2 With Millon s reagent they do not give the characteristic) 
reaction whioh is given by proteins m which there is a 
hydroxy In tod benzene nucleus This absence of reaction 
is m marked contrast to the strongly positive reaction 
given with Millon s reagent bj zymogen granules. It is, 
however admitted that the Millon reaction mitfM be 
positive and yet not strong enough to show up against 
the stained cytoplasm m these extremely fine rod like 
or filamentous structures Cowdiy s experiments failed 
to give a definite xanthoproteic reaction No reactions 
oharootoristio of polysaccharide groups havo been 
obtained 

3 Artificial mitochondria havo been made in different salt 
and albumm solutions and liavo been found to give 
similar staining reactions 

4 They appear to melt or dissolve somewhere about 
48 -GO C 

5 There appears to be a correspondence between the 
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number of mitochondria Been and the phospholipm 
content aa determined by chemical analysis 
6 Injections of lecithin given to fowls or pigeons have 
been said to increase the number of mitochondria 
present in the oOcytes 

It has been suggested that they largely function m the 
process of respiration certainly with the development of 
haemoglobin m the senes of cells which lead up to the forma 
tion of the mammalian red blood-corpuscle they gradually 
dfmmfah as the haemoglobin content increases A similar 
diminution is notioed in vegetable cells with the gradual 
increase in the formation of chlorophyll. A special connexion 
with oxidation was first suggested by Kingsbury no evidence 
has been forthcoming to refute it and all observers who have 
specially investigated the point think that their results 
endorse this view Thus Mayer Ratherv and Schaeffer 
(1014) admitting the phospholipm character of mitochondria 
oonmder that owing to their power of auto-oxidation this 
chemical foundation would be suitable for the occurrence 
of processes of oxidation and reduction They further con 
elder that in the mitochondria are unsaturated fatty acid 
and ethyhdene groups which have considerable affinity for 
oxygen It is further pointed out that such reagents as 
alcohol chloroform and ether while dissolving mitoohon 
dna also depress respiratory oxidations while their universal 
presence in the various types of cell is also held to pomt in the 
same direction 

From experiments with tissue cultures the same conclusion 
was reeohed bj Lewis (1915) and Cowdry (1910) regarded 
his experiments with Janus green as supporting the same 
view 

Regaud has put forward his elect osome theory namelv 
that mitochondria select and act upon certain substances in 
the cytoplasm according to the specific function of the cell 
under discussion In some cells they seem very muoh more 
highly sensitive and more easily destroyed than they are m 
others In the cells of the central nervous system they show 
extraordinary stability Certainly the great surface develop- 
ment of structures oon taming such chemically active bodies 
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a 8 the phoepholipms is in favour of surface action* which is 
possibly specialized to attain different ends in different types 
of cell. 

When subjected to various toxio agents they undergo 
change of form thus in phosphorus poisoning Scott has 
shown that they lose their filamentous character form 



Fid 0 Variation! in farm of mitochondria doa to cell mCtMty (Kat*r). 
flection* from the lima of oata under difTorant condition* erf h^F*^ 
activity On the extrem e left U mhown the appearance of the mitochondria 
when the animal has boon fruttng for 54 hourai the next *eotion i* from a 
aimilar oat which had alw been injected with lnaulm j the third ■ e ' c J* 0<1 * 
from a faatlng cat which had been anaeathetixed with ether for two homa 
while the fourth I* from a fasting oat injected with adrenalin. Au 
men* prepared by Hegacd'i method. Magnification X 844 (i men c*i 
ki i meraion J . 

Inmilin, adrenalin, and ether anaeatheala arc all agenta which dietnn) 
tha glycogen-glocoao eqaiHbnum. (Kater Anal. Hmxnd, 1931 ) 

dumps break up into granules and finally give rise to drop- 
lets suggesting fatty degeneration. This tendency to break 
up into minute spherules under adverse conditions suggests 
an attempt at further increase of surface 

Alterations in form occur with the stage of activity of 
certain cells for instance gland cells but in this connexion 
Fry (1030) has drawn attention to the necessity for uniform 
and standardized histological technique Alterations due to 
changes m cell activity have been reported by a great number 
of workers including Cramer and Ludford (1020) Morley and 
Smith (1930) and Kater (1931) the last-named draws atten 
tlon to tho extensive literature which has developed around 
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the subjeot It is worthy of note that Kater arrives at the 
conclusion that alterations in the shape of mitochondria 
depend rather on the degree of metabolic aotmty than upon 
the special functions of particular cells This may point to a 
speciflo function in oonnenon with secretion it seems how 
ever an equally tenable hvpothesis that variations in meta 
bolio aohnty may be accompanied by changes if they are 
specifically concerned in oxidation and reduction processes 
The question is not yet solved but it can be said with a 
fair degree of certainty that the mitochondria are the site of 
important ohemical reactions As will be seen later they 
arc remarkable sensitive to radiations some authorities 
consider them by far the most sensitive of all the dijferen 
tiated cell oontents 

The Golgi apparatus The Golgi apparatus named after 
the Italian neurologist to whom its earliest mention is due 
(1808) has like tho mitochondria been the subject of inten 
sive study in recent years and like them also requires 
special histological methods for its demonstration In pro- 
perly prepared specimens it appears as a kind of more or less 
complicated knot situated in the cytoplasm It is certainly 
present in a great number of metazoan cells Gatenby stated 
that it was always present but Cowdry expresses some 
reserve upon the point It appears however to be present 
in all the colls of developing embryos while one remarkable 
characteristic is its situation m cert am coils In the cells of 
such glands as the salivary glands and the pancreas it is 
situated between tho nucleus and the free edge bordering 
upon tho lumen. In tho thyroid on tho contrary it vanes 
in position being sometimes next the lumen containing the 
colloid secretion and sometimes on tho side remote from 
this The alteration in situation has been held to indicate 
differences m tho pa«sago of tbo products of thvroid mota 
holism — 1 o towards tho colloid filled lumen on the ono hand 
or towards tho blood vessels and lymphatics at tho peri 
pherv of tho alveolus on the other Cojal observed that m 
developing cmbr\os the Golgi apparatus is always present in 
the cn topla m between tho nucleus and tho periphery The 
chemical nature of its constituents is not yet established 
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a lipoid character has been suggested and its physical 
character whether solid liquid or gel or a combination of 
two or of all thro© is still a question which must be regarded 
as unsolved. So far os functions are ooncemed we are still m 
the dark There are the suggestive changes of position m the 
oella of the thyroid gland and the constant position between 
the nucleus and the cell border next the lumen m suoh struc- 
tures as the salivary glands equally however a Golgi 
apparatus appears a very constant feature m cells of ah 
types Pathological conditions have hitherto not shed much 
light upon the matter 

Chromtdta and ohromidial substance are terms which are 
somewhat loosely used and cover suoh oeU molnsiona as the 
Niasl stibstanoo of nerve-cells and the basophiho material of 
glands It has been understood to mean extranuclear frag 
menta of chromatin here the difficulty of the precise limits 
tion of the term chromatin arises Practically under the term 
chromidia are included a variety of granules distributed 
through the cytoplasm and showing a marked affinity for 
basio stains Probably a considerable variety of dissimilar 
structures are inoluded under this common heading The 
Nisal substance of nerve-cells is relatively insoluble in alcohol, 
gives micro-chemical testa for iron and is not seen in the 
living cell. 

The Nucleus 

The cell nucleus is seen m two well marked and dlstmot 
states — when it is dividing and when it is resting The 
latter term has the sole virtue of brevity to recommend it 
and it is better to refer to the nuoleus when not undergoing 
division as mterkmetic which makes no a priori end almost 
certainly incorrect assumption as to what its functions at 
the timo may happen to be Probably resting is about as 
maccurato and misleading a term as oouH well be chosen. 

The interkmetio nuoleus shows a well-defined nuclear mem 
brano separating the nucleoplasm from the cytoplasm With 
in the nuclear membrano are one or more nucleoli, and with 
these exceptions tho nucleoplasm appears structureless in 
unstained specimens and homogeneous when examined b} 
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dark-ground illumination. Normally it is of fluid consistency 
though readily setting to a firm gel Should the nuclear 
membrane be ruptured as by the micro-diaseotion needle 
the cytoplasm immediately surrounding the nucleus rapidly 
disintegrates and liquefies within the nucleus itself the 
immediate result of the injury is the dissolution o! the nucleo- 
lus Chambers has succeeded by means of the micro-ppette 
in aspirating the flmd contents of the nucleus of one cell and 
injecting it mto the cytoplasm of another In this case also 
the cytoplasm undergoes liquefaction and disintegration A 
remarkably interesting fact is that the nuclear substance if 
all on ed to remain more than five or ten stconds in the micro- 
pipette becomes innocuous so that as Chambers remarks 
the operation must be perform od rapidly 
The familiar nuclear network seen m fixed and stained 
specimens is not seen m the living mterkmetio nuolen* but 
is readily made to appear by the action of reagents or some- 
times merely by rough treatment 

The dividing nuoleus shows well marked structural features 
both in the living state and m fixed and stained preparations 
These M is well known vary m appearance according to 
the particular phase of mitosis under examination 

Very interesting m this connexion is the experimental 
work of Chambers upon the growing spermatocyte of a species 
of grasshopper (DissosUtra Carolina) The nucleus of this 
type of oell is apparently optically homogeneous with the 
exception of the nucleoli. Upon injury instead of the forma 
taon of an anastomosing network, the strands which appear 
develop mto more or less granular filaments and give the 
appearances characteristic of a typical prophase nuoleus 
Loops of this filamentous structure can be drawn out by the 
micro-dissection needle and stretched, bo that its finer struc 
ture becomes manifest when it is shown to consist of a 
hyaline core with granules embedded m the periphery When 
the loop is stretched the fibres become narrowed while the 
granules are more widely separated. 

The nuolear injury it is probable is not responsible for 
the formation rfe novo of either the network of the mterkmetio 
nucleus or of the prophaae-type of chromatin filament found 
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in tho epormatocyte Rather is it probable that they trero 
actually present at the time of the injury though invisible 
owing to optical homogeneity with tho rest of the nucleo- 
plasm Injury to nuolei in whioh viaiblo stages of mitosis 
are already present leads to an acceleration of the process 
usually with the formation of a typical mitotio figuro These 
facts suggest the probability that the nuclear network seen 
in fixed specimens of the interkinetio nucleus is not entirely 
an artefact but has its structural though generally invisible 
counterpart In tho unstained specimen 

Tho nuclear phases ocourrmg during mitosis — prophase, 
metaphase anaphase and telophase — are too well known to 
need description During tho metaphase the nucleus becomes 
more or loss fusiform instead of rounded tho hitherto distinct 
nuclear membrane disappears whilo the ohromosomes collect 
at the equator of tho spindlo That the spindle is a true 
anatomical structure boa been demonstrated by mioro-dia 
section and it has tho power of setting to an irreversible gel 
upon meohanioal injury 
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CHEMICAL ACTIONS OF THE RADIATIONS 

Very booh after the discovery of X rayB and of radioactivity 
experiments vrero started to investigate their possible chemi 
cal effecta In the ease of X rays these were largely directed 
to attempts at finding some simple method of dosage In 
the case of radium the investigation took rather different 
lines and doubtless owing to the large output of a radiation, 
its effects especially in gaseous systems attracted a large 
amount of attention. It must be admitted that much of this 
early work was of very unequal value to a large extent this 
was owing to the difficulties inherent in the study of all new 
subjects and especially to the Jaok of preoiso measurements 
and — more especially in the case of radium- — to a want of 
knowledge of the effects of screenago As is well known the 
investigations on the effects of a-particles were crowned by 
Rutherford 6 discovery of atomic disruption 

But it is not with tho action of a particles that we are 
concerned in the present connexion except that the expen 
mental w orh earned out with them showed that their ordinary 
chemical effects were mainly determined by tho changes in 
ionization which they produced 

Tho ordinary chemical reactions of X rays and of the /? 
and y-rays from radioactive substances are considered by 
Lind to bo duo to tho samo initial cause — ionization. At all 
events this view which is strongly corroborated by oxpen 
raent offers a coherent explanation of tho colloidal and mtra 
molecular changes which oro sot up by the radiations 
Spa co can only bo found hero for consideration of some of 
tho outstanding results of tho chemical actionJ of radiations 
which ha\ o a direct bearing upon their biological offecta As 
occupying a more or less intermediate position between 
typicalh physical and typical]} chemical phenomena wo 
shall first consider somo of tho effects of radiations upon 
colloids since coll protoplasm is very largoh a careful!} 
adjusted system of colloids the importance of tho subject 
for our present purpose 13 manifest 
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Colloids 

Among the earliest experiments upon the action of radia 
turns on colloids were those of Hardy (1003) and of Henri 
and Meyer ( 1 904) Experimenting with two samples of scrum 
globulin rendered add and alkaline respectively by means of 
dilute acetic acid and ammonia Hardy showed that exposure 
to a radiation caused the alkalino specimen to Bet to a firm 
gel in three minutes while the add became clearer Tho 
explanation is that the positivo charges earned by the 
a particles neu trained the negative charges of the disperse 
phase in the alkalino mixture thus leading to gel formation 
In the acid mixture tho positive charges earned by the 
elements of the disperse phase have their action reinforced. 

Henri and Meyer using inorganio hydroeols found that 
when these were exposed to fi radiations the positive colloids 
were rendered much more readily precipitablo by traces of 
electrolytes Here the negative charges carried by the fi- 
particles neutralised the positive charges m the disperse 
phoso and bo facilitated precipitation m the presence of 
minute amounts of electrolytes 

Colwell and Russ (1012) investigated the action of \ raj’s 
upon organic colloids such as egg white serum and starch. 
In all of these a marked diminution of viscosity occurred 
and m the case of starch a partial conversion into dextrin 
was also noted In one experiment where irradiation had 
been allowed to proceed for 8J hours at least 0 per cent of 
the starch had undergone this conversion 

Fcmau and Pauli (1916-22) carried out a number of re- 
searches upon the aotion of radium radiations using 220 mgm. 
of RaCOj sealed m a glass tube 1 1 mm in thickness by which 
80 per cent of the fi and 1 per cent of the y-radiatlons were 
absorbed h. ative proteins and colloidal cerium hydroxide 
were among the substances investigated. The effects of 
varied hydrogen wn concentration were also made tho subject 
of inquiry Varying differences in tho state of aggregation 
of the sols were observed in the course of these experiments. 

Recent tcorL of Crotciher and Fairbrothcr Between 1027 and 
1030 tho action of radiations upon colloids was reinvestigated 
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by Crowther *nd Fan-brother In a preliminary senes of 
eiperanentB -with simple hydrosols of element* they found 
that these were relatively stable to X rays and required 
very large doses to produce appreciable change Positively 
charged colloids were found to be coagulated, while negatrvelv 
charged colloids had their stability increased. The authors 
considered it probable that the coagulation was brought 
about by the ionization produced m the diffuse double laver 
surrounding the particles 

A second and quantitative investigation was next made of 
the viscosity changes produced m cerium hydroxide sols by 
the action of X rays In sols of low concentration, and with 
increasing X ray doses the viscosity decreased to a minimum 
then rapidly increased and the eol set to a rigid gel. In more 
concentrated sols the spontaneous increase m viscosity which 
occurred when the particles were discharged masted the initial 
decrease With increasing age the sols became more sensitive 
to X rava and the doses necessary to produce the maximum 
decrease m visooaitv and to cause gel formation were much 
•mailer thus indicating that the charge upon the particles 
was decreasing 

When the state of minimum viscosity was reached, the sol 
set spontaneously to a ngid gel within the course of a few 
hours An X ray dose sufficienth* m excess of that required 
to produce the maximum decrease caused the sol to set to ft 
gel immediately 

In a third communication the same authors extended their 
quantitative observations upon the action of radiations. With 
the detafla of their quantitative experiments we are not here 
concerned but they further discussed the question as to 
whether the action upon the sol v. as a direct ionization effect 
or due to secondary changes set up m the continuous phase 
It had indeed been suggested by Femau and Pauli that the*e 
phenomena might be due to the formation of minute traces 
of hydrogen peroxide This is admittedlv produced when 
water is subjected to £ radiation but even with large doses 
of X rav* no evidence of bvdrogen peroxide formation could 
be detected even when the most delicate test* uere applied 
To throw light upon this subject Bredig sols of copper 
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Colloids 


Among tie earliest experiments upon the action of radii 
■bans on ooUoids were those of Hardv (1903) and of Henri 
and hlever (1904) Experimenting ■with "two itnrmples of serum 
globulin, rendered acid and alkaline respectively by means of 
dilate noetic aad and ammonia, Hardr showed that exposure 
to a radial ion caused the alkaline specimen to set to a firm 
gel m three minutes, while the a end became dearer The 
explanaban is that the positive charges earned by the 
a-parbdes netrtnihred the negative charges of the disperse 
phase m the alkaline mixture, thus leafing to gel farrnatKm. 
In the acid mixture the positive charges earned bv the 
elements of the disperse phase hare then- action reinforced. 

Hmn and hi ever using inorganic hvdrosols, found that 
■when these ■were exposed to /krudiatians. the positive colloids 
■were rendered mnoh more readiTr preopitahle bv traces of 
dectroh-tes. Here the negative charges earned bv the fi- 
parbdes neutralised the positive charges m the disperse 
phase and so facilitated precipitation m the prese nce of 
minute amounts erf electro! vt ex 

Colwell and Tuss (IPlt) investigated the action of X-rava 
upon organic rohnds such as egg-white. scrum, and starch. 
In ah of there a marked dimmutinn erf visoositv occurred, 
and m the case of starch a partial enm-nnunn into dertnn 
was alw> noted In one experiment where uTudiatKm had 
l>een ahowrd to proceed in >1 hmr*. at least ^ per cent, of 
the ft arch had undc-gmc this oemvcreinn. 

Fernnu and Pnuh <191 »-££) earned out a number erf re- 
searches up-in the aria Ta<rf~adrarore»di*t3 r mx n?onr— r>mcm> 
ofKaC0,v<iiledmairln»mbc3 Iron ro tki-knrew. br which 
^0 per cent, trf the 5 and 1 per cent frf the '.‘--adiaunns were 
absorbed Native nr Moms and c'dlndal con mu 1 vdrnxidr 
were am me the sroVraneeiw iTurKigated The riferCF trf 
varied 1 vdrvcrU'i m i w, wree aK Tn*idcrbr*nh>eri 

erf mtjmrv \ arvmc ditlwn^v in the stare cc aggrecanm 
erf the sok were •'hserced to the x^r^e -rf these -a 

Ttreu T’Wk >«■ ^ i" evV- Tv 

1 jir t Hie a -I vCH *»sk >•* 
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by Crowther and Fail-brother In a prcluninarj series of 
experiments with simple hydrosols of elements they found 
that these were relativelj stable to X rays and required 
very large doses to produco appreciable change Positively 
charged colloids w ero fotmd to be coagulated while negatively 
charged colloids had their stability increased The authors 
considered it probable that the coagulation was brought 
about by the ionization produced in the diffuse double layer 
surrounding the particles 

A second and quantitative investigation was next made of 
the viscosity changes produced in cenum hydroxide sols by 
tho action of X rays In sols of lota concentration and with 
increasing \ ray doses tho viscosit\ decreased to a minimum 
then rapidly Increased and the sol sot to a rigid geL In more 
concentrated sols tho spontaneous increaso in viscosity which 
occurred when tho particles w ere discharged masked the initial 
decrease V> 1th increasing age the sols became more sensitive 
to \ raj's and tho doses necessary to produce tho maximum 
decrease m viscosity and to causo gel formation were much 
smaller thus indicating that tho charge upon tho partioles 
was decreasing 

When tho state of minimum viscoaitj was reached tho sol 
set spontaneously to a rigid gel within tho course of ft few 
hours An \ ray doso solHcient/r in excess of that required 
to produco tho maximum decrease caused tho sol to sot to a 
gel immediately 

In a third communication tho eamo authors extended thoir 
quantitative observations upon tho action of radiations With 
tho details of thoir quantitative experiments wo are not hero 
concerned hut they further discussed tho question as to 
whether tho action upon tho sol was a direct ionization effect 
or duo to secondary changes set up in tho continuous phase 
It had indeed been suggested bv Fernnu and Pauli that these 
phenomena might bo due to tho formation of minute traces 
of hydrogen peroxide This Is ndmittcdl\ produced when 
water is subjected to ft radiation but oven with largo doses 
of \ mvs no evidence of hvdrogcn pcroxklc formation could 
bo detected c\en when tho ment delicate tests were oppiicd 

To throw light upon this subject Bredip sols of copper 



24 CHEMICAL ACTIONS OF THE RADIATIONS 
were made by sparking between copper electrodes under 
ethyl alcohol and also under amyl alcohol From both of these 
sols the copper was precipitated by the aotion of X ravr. 
Traces of water would certainly be present m both of these 
alcohols but it was thought thatwhen only such minute traces 
were present tho exposure necessary to produce the requisites 
amounts of hydrogen peroxide would at any rate have been 
greatly prolonged This was not found to be the case. 

A further senes of tests were then earned out upon sols 
of silver reamate in oil of lavender and m benzene Here 
water if present could only have been so in the minutest 
traces Both sole however were precipitated by exposure to 
X rays The general trend of the evidence is therefore 
djstmotly in favour of a direct aotion whereby the coDoidal 
particles have their chargee neutralized by the ion formed in 
tho double layer around them. Crowther b general conclusions 
may bo best given m his own words 

Them remain* the fact, for it seem* to be a fact that only aol* in 
•which the particle* are poei Lively charged are coagulated either by 
X or beta radiation. Hardy for example found that positively 
charged globulin was coagulated by beta radiation but negatively 
charged solution* of tho some substance wero unafToctod. W el* and 
Thiele report the tame result, rating X radiation In the courae of the 
la*t two year* wo have examined a largo number of sols, with the 
result that in no caae have we been tible to coagulate a negatively 
charged conoid, and in no caae have we failed to produce coagulation 
where the particle* of the sol wore positively charged. With sols, 
such a* silver iodide which cun bo prepared with tho particle* either 
positively or negatively charged the former are coagulated, the 
latter are apparently unaffected by the radiation 

It *eem* to mo that the ono-odedneas of the effect may be coo 
nected with the different nature of the initial positive and negative 
ion* The positive wo i* never smaller than an atom. The negative 
ion begin* a* a free electron, and m a go* persist* In thh »tato for an 
appreciable fraction of it* existence Our know ledge of the behaviour 
of wn* and electrons in a liquid medium is very scanty but it i* not 
improbable that a anrular atata of affair* exists there also 

We now suppose that the colloid particle* are surrounded by a 
closely adherent film of molecule* of the solvent There is consider 
able evidence m favour of the new that the surface along w bieh slip 
take* placo when the particle move* under a field is entirely within 
the solvent and not between the solvent and the particle end Fair 
brother s observation that tho sixo of the colloidal particle* decree ws 
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as they loee their charge w additional evidence in favour of the 
supposition. If the colloid is electro negative it attracts the positive 
kma formed by the radiation in the double layer surrounding it The 
positive km, however be mg molecular wiH be unable to penetrate 
the protecting skin 1 of solvent molecule* which surrounds the colloid 
particle, and remains outside where it is either neutralized or takes 
the place of one of the electrolytic ions which form the outer shell of 
the double layer 

If, however the particle n electro-positive so that it attracts the 
negative ion, the latter being m an electronic state and being m an 
electro Held of the order of 105 volts per cm, will bo able to penetrate 
the protective «lrfn of solvent molecules and so to neutralize the 
charge oo the particle itself An alternative suggestion, which expen 
mentally u probably indistinguishable from the first is that the 
electron, by entering an atom on the outer face of the elan, cause* 
the liberation of an electron from an atom on the inner surface m 
contact with the particle We have not at present sufficient knowledge 
to enable us to apply numerical testa to this hypothesis. It seems, 
however to be the ooe which roost adequately explains oar expen 
mental result* on the action of ionizing radiations on colloidal 
solutions. 

Fturbrother (1928) investigated tho vizcoaity changes in 
egg whito under the aotion of radiation a s part of the general 
scheme of research upon colloids earned out b\ Crowther 
and himself 

The radiation was derived from a Shearer tube with molyb 
denum anticathode excited bv an induction coil fitted with a 
merourj break. The voltage throughout the experiments 
was Go 000 and before reaching the fluid under examination 
tho raj*s passed through on aluminium window 0*1 mm and 
a glass sbp 0*23 mm in thickness Although the radiation 
was heterogeneous the beam reaching the albumin sol 
consisted largclj of characteristic mohbdenum X radiation 
(A *= 0 717X10* cm ) 

Tho liquid was exposed in a small quartz vessel with a 
surface measurement of 28 mm x 0 mm find a depth of 
0 mm This was covered bj tho glass slip previously men 
tioned 0 23 mm thick which was hcnnoticallj sealed over 
the dish with paraffin wax. In all the experiments the 
quantitj exposed w as 1 c c w hich filled the dish to a depth 

1 Tbo term *Un u sppbcrl bm k, I think, open to obWtion. The 
quotation np\enn tbout *h erst ton. H A.C. 

Z 
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of 4 mm As a control, a sample was placed in an exactly 
similar dish and sealed down m the same way the viscosity 
determinations of the experimental sol were always compared 
with this control sample and not with the stock solution 
This procedure eliminated sources of atmoepheno contamina- 
tion on the one hand and any possible changes duo to the 
sealing process on the other 

The viscosimeter consisted of a capillary tube with an 
intermediate bulb of 1 oo capacity and a reservoir at the 
base The fltnd was sucked up from the reservoir and the 
time taken for it to fall from a mark above the hnlb to one 
below it gave an arbitrary value of the viscosity The 
difference between the time taken by tho exposed and oontrol 
samples divided by the control time gave the fractional 
change in viscosity this figure was plotted against the 
corresponding doses of X raj’s 

For the preparation of the egg white sol, the white of a 
new laid egg was taken, shaken mto a foam and allowed to 
stand overnight In the morning the dear liquid had settled 
while the extraneous material remained suspended in the 
remainder of the foam 

The intensity of radiation was measured by means of an 
air-gap ionization chamber The rays passed through an 
opening 10 mm. x 5 mm. out m a lead screen and ionized a 
volume of air between two plates eaob 2 cm square The 
volume of ionized air was loo To the insulated plate were 
connected a microfarad condenser and a gold leaf electroscope 
The radiation necessary to charge tho microfarad condensor to 
aPJ) of one volt was taken as the unit of dosage and the time 
necessary to administer this dose was about twelve minutes 

Comparing this with a therapeutic measure of dosage It 
was found that one such unit was equivalent to 3 000 t, 
where e is Fnedrioh s unit The distances of the ionization 
chamber window and the surface of the liquid from the focal 
spot were 1 1 23 cm and 3 70 cm respectively Hence tho 
unit dose given to the liquid was (11 S3)*/(3 70 )* ■- 0 4 times 
that measured in the ionization chamber This is equivalent 
to a thorapeutio dose of 28 200 e, or about 23 times that 
necessary for the production of erythema on the skin 
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The experimental results are shown in the accompanying 
graphs where the ordinates represent percentage decrease in 
viscosity and the abscissae the doses of X rays measured in 
the above-mentioned arbitrary unit. From Curve I it is seen 
that the viscosity decreases rapidly the rate of decrease at 
first becoming gradually less until a stationary condition is 
reached after which it decreases to a constant minimum 


rotctKiME decrease in vtsccsmr of eo dr-VHms 
ArtEF VWWU3 JXJJES OF X RAYS _ 



In this case the maxim am decrease is seen to be 40 per cent 
(Curve I) 

A different stock of egg white prepared in exactly the same 
way gives the results plotted in Curve II. The percentage 
decreases here are not so great as in Curve I but it will be 
seen that tho maximum decrease in both cases is produced 
by tho *amo dose — about 7 3 of the experimental units before 
mentioned. Also in this case the rato of decrease m viscosity 
not onlj becomes zero but changes sign so that there is an 
increase in viscosity between 2 3 and G of tho experimental 
units 

In a third experiment (Curve ITT) tho effect of tho addition 
of sodium chloride was studied To 10 c o of tho stock 
albumin used for tho experiment from which Curve I is 
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drawn, 0 1 gm of pure NaCT crystals were added They 
dissolve readily in the protein bo! and cause no ohange m its 
viscosity The kink seen in Curve I is absent, and the 
maximum viscosity decrease now reaches only 32 per cent. 

Effect of \rraduitxon on coagulation An irradiated sample 
m which the maximum (40 per cent ) decrease in viscosity had 



been produced was placed m a test tube and this, together 
with a control was warmed up to 01 0 m a water bath. 
When this temperature was reaohed the control became 
turbid and rapidly set to an opaque geL The irradiated 
sample on the other hand while turning milky did not set 
until fully five minutes after tho control, thus showing that 
when irradiated egg white is maintained at the control tem 
peraturo Betting is quite markedly delayed 

The author points out that egg white used m these erpen 
ments was a mixture of albumin and globulin and that there- 
fore Curves I and II might bo summation effects produced 
by the radiation upon these different oanabtuonts and be 
considers that tho addition of sodium ohloride might have 
caused a partial salting-out of tho globulin whioh would 
account for the simpler form of curve obtained in this case 
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No mention of the occurrence of any turbidity on the addi 
torn of the sodium chloride is however made It may 
however be pointed out that the chemical constituents of 
egg white are not bo simple as has been indicated. Accor din g 
to Cameron (1031) it contains at least two different albumins 
two distinct globulins (all containing glooosamine radicles 
and the alb umins traces of phosphate) and also traces of 
glucose fats soaps and cholesterol. The ash contains 
potassium, sodium and chloride m approximately equal 
amounts with smaller quantities of calcium magnesium 
phosphate carbonate sulphate silica and iron, with a trace 
of fluoride 

The outstanding facts of the experiments are however 
quite definite and of especial value in the present connexion 
as the materials employed were native proteins whioh had 
not been subjected to a variety of chemical processes to 
ensure purity It seems probable that the decrease m viscosity 
is to be attributed to a discharge of the electrically charged 
colloidal mi cell as and the maximum decrease m viscosity 
would indicate the pomt at which all the micella) were dis 
oharged. Srnoe the electno forces of repulsion between simi 
lariy charged particles must play a Jorge part m preventing 
aggregation and consequent coagulation, it might be expeoted 
that when all the mice life were discharged a coagulation and 
consequent increase m viscosity would set m. 

Observations were made upon a sample which had under 
gone the maxim um decrease m viscosity (in this case 32 per 
cent) durmg the course of 24 hours after exposure no appreci 
able recovery or increase in. viscosity was observed and after 
7 days the sample still showed a decrease of 22 per cent 

Fan-brother admits the possibility of the effect being due to 
chemical changes insufficient to cause alteration m the coagu 
lation pomt smee the only difference observed between 
control and irradiated specimens was a delay in coagulation 
in the caso of the latter 

Taking all facta mto consideration, including the work of 
Growth er upon organ o-so la in ethyl and amyl alcohol the 
balance of probability seems strongly m favour of the physical 
explanation. In particular is the experiment with \ rays 
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of valno as there is no formation of hydrogen peroxide with 
its resulting complications, as is the case -when water is 
exposed to fi radiations 

Oxidation and Reduction Phenomena 

Thercdnomg power of ^-radiations upon carotin derivatives 
has been used to show their range of aotion by means of the 
butter test Certain samples of butter, when thin wallodglas* 
tubes con taming radon are inserted into them undergo bleach 
ing for a distance around the tubes corresponding to the 
range of the ft rays A. like bleaching ooours if radon tubes 
are immersed in alcoholic extracts of eg carrot and rod 
pepper Colwell (1932) carried out a senes of experiments in 
whioh the reducing aotion was still further shown 

The experiments were all conducted upon liquid systems 
by immersion of thin walled glass tubes containing radon. 
Except where otherwise stated small test-tubes measuring 
about 4*0 cm in length by about 0 5 cm in diameter wore 
used as the containers The radon tubes were usually of the 
order of 10 mfllicunee in strength, wore of glass about 2 5 om. 
long 0 5 mm. in diameter and with a wall thickness of the 
order of 0 1 mm thus allowing a large proportion of the 
^radiation to reaoh the liquid m which they were immersed 
The volume of fluid taken for experiment was about 0*5 o o 
that quantity being found to fill the test-tube to a convenient 
height and to correspond more or less with the upper limit 
of tho radon tube when immersed. 

During the experiments the mouths of the test-tubes were 
lightly plugged with cotton wool to exolude dust Except 
where otherwise mentioned, all proceedings were carried out 
at tho ordinary room temperature and each observation was 
checked by a suitable control. 

Methylene blue. In the earliest experiments (which, indeed, 
first suggested the possibility of reduction as a result of xadrn 
tion) a solution of methylene bluo (0*1 per cent in HjO) was 
taken, and in it was immersed a nnc -copper couple After a 
day or two tho original dork blue oolour was nearly dls- 
clmrgetL Tho resulting pale bluo liquid on exposure to the 
air again gradually reasaumed the original dark bluo colour 
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as a result of oxidation, while further reduction gave rise to 
complete bleaching 

Such a partially reduced motbylene blue flotation (0 7o o ) 
mis pipetted off into one of the small test-tubes the radon 
tube (10 mo ) immersed the test tube hghtly plugged with 
cotton wool and the whole left for 24 hours When re 
examined the colour was found to be completely discharged 
showing further reduction 

To test the matter further the original (0 1 per cent ) 
methylene- blue solution was diluted (1 part to 0 of H*0) 
so as to give a bright sapphire blue when placed in the small 
test-tubas On similarly exposing this solution to radon of a 
similar order of concentration to that used in the first expen 
ment (about 10 me ) marked loss of colour occurred in the 
first 24 hours follow ed bj complete bleaching within a further 
penod of the same duration. 

Similar results wero obtained with solutions of brilliant 
green acid fuchsin and safranm m all of whioh loss of colour 
is indicative of reduction 

Alkaline copper silver and picrate solutions The probability 
of reduction processes arising as a sequel to /? radiation being 
thus established three of the reagents common!) employed 
for tho detection of reducing sugars — Fehlmgs solution, 
ommonincal silver nitrate and picric acid-caustic-floda mix 
turo veto similarly irradiated After the lapse of 24 hours 
obvious reduction had occurred in the silver solution and the 
picric acid soda mixture was distuictlv reddened 

Tho Fehlxng s solution allowed no apparent change and 
indeed did not do so when tho timo of exposure was pro- 
longed to 3 days But at tho end of that time the test tube 
containing it and tho radon (together with a control) was 
placed in an incubator at 33 C Tho next mommg a famt 
rcddi b deposit was seen at the bottom of the tube It is 
probable that tho precipitation (not tho original reduction) 
was the result of the licet Tho control showed no evidence 
oi change 

In s lew of tho fact that both ammonmeal silver nitrate and 
hehling s solution are notorious]* trick} In their reactions 
tho experiments w ere repeated four or fi\ o time* Invariabl y 
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of value os there la no formation of hydrogen peroxide wi th 
ita resulting oomplioatioru? aa is the case when water ii 
exposed to /? radiations 

Oxidation and Redaction Phenomena 
The reducing power of jS-radiations upon oaro tan derivatives 
has been usod to show their range of notion by means of the 
butter teat Certain samples ofbutter, when thin walled glass 
tubes containing radon are inserted into them undergo bleach 
ing for a distance around the tubes corresponding to the 
range of tho ft rays A like bleaching occurs if radon tubes 
ore immersed in alcoholic extracts of eg carrot and red 
pepper Colwoll (1032) carried out a scries of experiments w 
whioh. the reducing action was still further shown. 

The experiments were all ocmd noted upon liquid systems 
by immersion of tlnn walled glass tubes containing radon. 
Exoopt where otherwise stated small tost tubes measuring 
about 4 0 cm in length by about 0*6 cm. in diameter were 
used as the containers The radon tubes were usually of the 
order of 10 mflhounoe in strength were of glass about 2 6 cm, 
long 0 6 mm in diameter and with a wall thickness of the 
order of 0*1 mm thus allowing a largo proportion of tho 
^-radiation to reach the liquid m whloh the} wero immersed. 
The volumo of fluid taken for experiment was about 0 6 o o 
that quantity be mg found to fill the test-tube to a convenient 
height and to correspond more or lees with the upper limit 
of tho radon tubo when immersed 

During the experiments the mouths of the test-tubes were 
lightly plugged with cotton wool to exolude dost Exoopt 
where otherwise mentioned oil proceedings wore earned out 
at tho ordinary room temperature and each observation was 
chocked by a suitable oontroL 

Methylene blue In the eariioet experiments (which indeed 
first suggested tbo possibility of reduction as a result of redia 
tion) a solution of methylene bluo (0*1 per cent in H,0) was 
taken and m it was immersed a rinc -copper oouple After a 
day or two the onginal dork blue colour was nearly dis 
charged The resulting palo-bluo hqujd on exposure to the 
air again gradual!} reassnmed tho original dark blue colour 
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an a result of oxidation, while further reduction gave rue to 
complete bleaching 

Such a partially reduced methvlene blue solution (0 7 c o ) 
Nvas pipetted off into one of the email teat tubes the radon 
tube (10 mo ) immersed, the teat tube lightly plugged with 
cotton wool, and the whole left for 24 hours ‘When re- 
examined, the colour was found to be completely discharged, 
showing further reduction 

To teat the matter further the ongmal (0*1 per cent ) 
methyleno-blue solution was diluted (1 part to 9 of HjO) 
so as to give a bright sapphire blue when placed in the email 
teat tubes On similarly exposing this solution to radon of a 
similar order of concentration to that used m the first expen 
ment (about 10 mo ) marked loss of colour occurred in the 
first 24 hours followed by complete bleaching within a farther 
period of the same duration. 

Similar results were obtained with solutions of brilliant 
green acid fuchsm and safrarun m all of which loss of colour 
is indicative of reduction. 

AlLnhnc copper /nicer and 'picrate solutions The probability 
of reduction processes arising as a sequel to J9 radiation being 
thus established, three of the reagents commonly employed 
for the detection of reducing sugars — Fehlmga solution, 
anunoniacal silver nitrate and picnc acid-caustic-soda mix 
ture were similarly irradiated. After the lapse of 24 hours 
obvious reduction had occurred m the silver solution and the 
picnc-aoid-soda mixture was distinctly reddened 
The Fe hHn g s solution showed no apparent ohange and, 
mdeed did not do so when the time of exposure was pro- 
longed to 3 days But at the end of that time the test tube 
containing it and the radon (together with a control) was 
placed in an incubator at 33 C The next morning a famt 
reddish deposit was seen at the bottom of the tube. It is 
probable that the precipitation (not the ongmal reduction) 
was the result of the heat The control showed no evidence 
of change 

In view of the fact that both ammoniacal silver nitrate and 
Fehlmg s solution are notoriously tricky in their reactions 
the experiments w ere repeated four or five times Invariably 
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reduction was found m the irradiated while no change mu 
eeen in the control specimens 

Potassium permanganate The behaviour of solutions of 
potassium permanganate under similar conditions was next 
examined With centinormal KMn0 4 solutions gradual 
decolorixation of the hquid with a muddy precipitate of 
MnO, resulted With acud (HfSO*) solutions gradual decolori- 
ration occurred during which the solution showed a tendency 
to assume a brown tinge This was due to the presence of & 
very finely divided brown deposit whioh gradually sank to 
the bottom of tho tube so that when decolonization was 
complete there was a small dark brown precipitate. This 
precipitate was formed when the concentration of the acid 
was as high os five times normal On standing it slowly 
diminished in quantity and in about a week had completely 
disappeared So far as more or leas superficial observations 
are of any value it appears that tho precipitate oontinues to 
increase in bulk as long as there is the least tinge of pink m 
the permanganate When this has been completely drs 
charged solution of the precipitate begins 

Experiments with manganous sulphate solutions showed 
that exposure to /? radiation was not attended by any pre 
cipitation of HnO r 

On performing a further experiment with concentrations 
of N/100 KMn Q 4 and BN HjSO* tee t- tubes of the same 
calibre (0 6 cm.) but greater length (7 0 cm ) were used bo as 
to accommodate 1 0 c o of tho acid permanganate solution. 
Tho radon tube was also increased m length to about G-0 one, 
while its radon content was of the order of 20 me 

The samo gradual Joss of colour as before was noticed but 
in addition four or five bubbles of gas were noticed adherent 
to the outside of the radon tube The brown precipitate 
gradually formed and within a week after complete deed on 
ration had rediasolved 

Tho gas bubbles suggested the presence of traces of hydro- 
gen peroxide in the hquid and, indeed it has long been known 
that ^-radiations act upon water to produce traces of S,O r 
and also that thoj dcoompose it when they act on it in dilute 
solutions 
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It is indeed, verj probable that in some cases at any rate 
hydrogen peroxide formation is responsible for the reducing 
action of the radiations Methylene bine does not contain 
oxygen and when it is reduced to the Icuco-compound the 
reduction is effected by the addition 
of hydrogen In the case of the re- 
duction of methylene blue by /? rays 
the first stage Is the abstraction of 
hydrogen from water with the forma 
tion of hydrogen peroxide The hj 
drogen is taken np by the methylene 
blue which thus acts as hydrogen 
acceptor and is reduced to the colour 
less leuco -compound. It may be 
added that similar bleaching effects 
were observed with water}’ sola 
tions of brilliant green and acid 
fuchsm 

To investigate the question of hv 
drogen peroxide formation 1 o c of 
distilled water was placed m each of 
six test tubes (7 0 cm X 0-5 cm.) and 
m each was placed a radon tube of the 
order of 20 0 me content 

After 24 hours the first tube was r „ xo J? ., Shcrw{n * 
tested for hydrogen peroxide by add jXbon of siEo^Oxy 
mg a drop of a saturated solution F™ babbk ? 

. , . . - , , , . . neroat to the redon tube 

of titaruo sulphate in concentrated md the Kiln. 0 , •aintloa 
H-SO* On looting down the length k* bright edeur vrliBo 
of the tube and exam i n i ng it against grmdtuily fomu. 
a white background a very famt 
yellow colour could just be detected the control remain 
mg colourless On the five succeeding dava one of the 
remanrmg tubes was examined, but the tint did not m any 
case seem deeper than that produced by 24 hours rrradrn 
tion — i.e the experiment suggested that equilibnum was 
soon reached when production and decomposition of HjO a 
were balanced. 

A t tratu As a final experiment upon the reducing power 
F 
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reduction was found m the irradiated while no change was 
seen in the control specimens 

Potasstum permanganate The behaviour of solutions of 
potassium permanganate under similar conditions was next 
examined. With centmormal KMnO* solutions gradual 
decolorant ion of the liquid with a muddy precipitate of 
MnOj resulted. With acid (HjS 0 4 ) solutions gradual decolon 
ration occurred, during which the solution showed s tendency 
to assume a brown tinge This was due to the presence of a 
very finely divided brown deposit which gradually sank to 
the bottom of the tube so that when decolonxahon was 
complete there was a small dark brown precipitate Thw 
precipitate was formed when the concentration of the acid 
was as high as five times normal. On standing it slowlv 
dimmish ed in quantity and in about a week had completely 
disappeared So far as mare or less superficial observations 
are of any value it appears that the precipitate continues to 
increase in bulk as long as there is the least tinge of pink m 
the permanganate When this has been completely dis- 
charged, solution of the precipitate begins 

Experiments with manganous sulphate solutions showed 
that exposure to /? radiation was not attended by any pre- 
cipitation of JInO*. 

On performing a further experiment with concentrations 
of X/100 K3In0 4 and GN B I SO i test tubes of the same 
calibre (05 cm.) but greater length (7-0 cm.) were used, so as 
to accommodate 1*0 o o. of the acid permanganate solution. 
The radon tube was also increased in length to about 5- 0 cm., 
while its radon content was of the order of 20 mo 

The same gradual loss of colour as before was noticed but 
m addition four or five bubbles of gas were noticed adherent 
to the outside of the radon tube The brown precipitate 
gradually formed and within a week after complete decokiri 
ration bad redissolved. 

The gas babbles suggested the presence of traces of hydro- 
gen peroxide m the liquid and indeed it has long been known 
that ^-radiations act upon water to produce traces of H|0 r 
and also that the\ decompose it when thev act on it in dilute 
solutions. 
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It b indeed very probable that in some cases at am rato 
hydrogen peroxide formation is responsible for the reducing 
action of the radiations Methylene bluo does not contain 
oxygen and when it is reduced to the leuco-compound the 
reduction is effected by the addition 
of hydrogen. In the case of the re- 
duction of methylene blue by p rays 
the first stage is the abstraction of 
hydrogen from water with the forma 
tion of hydrogen peroxide The hy 
drogen is taken np by the methylene 
blue which thus aots a* hydrogen 
acceptor and is reduced to the colour 
less leuco-compound. It may be 
added that similar bleaching effects 
were observed with watery sola 
tiona of brilliant green and acid 
fu chain 

To investigate the question of hv 
drogen peroxide formation, 1 o c of 
distilled water was placed m each of 
six test tubes (7 0 cm. x 0-5 cm.) and 
m each was placed a radon tube of the 
order of 20 0 me content 

After 24 hours the first tube was Fl ° 9 Showing effect 
tested tor hydrogen peronda by add 2&k^Mo£o ( * I ‘(££ 1 
fng a drop of a saturated solution g*” bu bbW ans »-<m *d 
of titanio sulphate in concentrated EUnof 

HjSO., On looking down the length 1 °** lt * bn «htccioarwhflo 
ot the tube and examining it against taSSS’wa. 0 ' M °° 
a white background a very famt 
yellow colour could just bo detected, the control remain 
mg colourless On the five succeeding days one of the 
remaining tubes was examined, but the tmt did not m any 
case seem deeper than that produced by !4 hours madia 
tlon lo the experiment suggested that equillbrnnn was 
soon readied when production and decomposition of B O 
were balanced. 2 * 

’Wfratea As a final experiment upon the reducing power 

r 
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of radiations it -mis decided to ascertain whether nitrates 
underwent any reduction to nitrites As it eecmed probable 
that a larger quantity of liquid than those used heretofore 
would be necessary the procedure was modified and an 
ordinary test-tube was used in which was placed the very 
thin glass tube containing tho radon (about 0 76 cm in 
diameter and extending nearly tho whole length of the test- 
tnbe) 

The radon content was nearly 60 mo The radon container 
was placed m tho test-tube which was thon filled with standard 
KN0 3 solution (loo ni 0-0001 gJN ) such os is used m water 
analysis Tho radon tube was found to be buoyant m the 
liquid so a slice of cork treated with paraffin wax was care- 
fully slid over the mouth of the containing test-tube to keep 
it submerged and the cork fixed in placo by adhesive labels 
After 24 hours irradiation tho potassium nitrate solution was 
tested for nitrites by the Gnesa Hosvay test (hydrochloric 
acid naphthylamme hydrochloride and sulphamlio acid) A 
fino red colour developed thus showing the presence of 
nitrites the control test being negative 

Enzymes 

Enzymes or biocatalysts may bo defined os catalysts 
produced by living colls but whose action is independent of 
the living cells which produoed them. 

bor convenience they are divided mto two classes accord 
ing to their usual method of workmg m the animal bod} 
Firstly there aro enzymes which normally act apart from the 
cells which produced them and exert their activity In some 
definite secretion such are the enzymes secreted into the 
juices of the digestive tract Scoondly there aro enzymes 
whioh normally exert their effect inside the cells which 
produce them These are known as intracellular enzymes 
by appropriate means of disintegrating the cell they can bo 
obtained in the form of extracts and can thon under suitable 
conditions exert their action tn r tiro They are of funda 
mental importance in bringing about the chemical changes t 
upon whioh tho li/e of tho organism is dependent Their f 
outstanding general characteristics are their sensibility to I 
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heat the fact that their action is specifio for different sub 
stances that thev only act within certain temperature hunts 
have an optimum hydrogen ion concentration for working 
and that in general they act rapidly 

Their effect* also are commonly such as m their absence 
would require the use of strong chemical agents at compare 
tivety high temperatures and acting for relatively long periods 
Further their action is reversible and according to circum 
stances their effects may be either katabolic or anabolic that 
is they may either break down complex bodies into simpler 
ones or they may svnt h esizo complex bodies from simpler nmts 
These characteristics are common to both intracellular 
and extracellular enzymes but the reversible aotion is perhaps 
most prominently shown m the intracellular variety To take 
a concrete example the net result of the action of the en 
zymes present m the digestive tract upon proteins is to break 
them down into their constituent ammo-acids These are 
absorbed bv the intestinal epithelium and by the action of 
intracellular enzymes are agam synthesized into proteins 
Tho intracellular enzymes present vary according to the 
chemical constituents of the cells which produce them, and 
comprehend In their diverse activities the metabolism of all 
the cell constituent* 

Enzymes have been named according to the substances 
upon w hich the\ act and are characterized by the suffix ate 
Thus tho amylases act upon starch proteases upon protein 
h poses upon fats and so forth. The substance upon which 
an enzyme acts is known as the substrate 
As is well known their chemical composition is a problem 
which has occupied the attention of biochemists for many 
rears and in 1020 Sumner reported the isolation of urease 1 
in crvstallino form The crystal* v. ere colourless microscopio 
octakedrn and Bhowcd the chemical characters of a globulin 
Its activity was found to be increased by recrystallization, 
which was held to be a point in fovour of the crystals being 
the enzyme itself The preparation of these crystals has been 
effected b\ subsequent workers but \\ aldschmidt Leitz(193J) 

U M -hrt „t, „p„ ^ ^ u* llWlon rf 
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has shown that they can be hydrolysed by proteolytic en 
zymefl and that the hydrolysed products still retain their 
activity This seems to indicate that the specific enzyme itself 
is soxno specifically active radicle anchored to a earner which 
is characterized by high molecular weight but is not neces- 
sarily markedly specifio in character (Cameron) 

It may be added that in 1030 Northup obtained a similar 
crystalline preparation of pepein, in which the crystal form 
was that of mioroscopio hexabedra 

Both Stunner s and North up s preparations were enorm 
on sly active and in the case of the urease it was found to be 
8 400 times more active than soya bean meal (a very common 
source of the enzyme) and that at 20 0 C it could liberate 
from a solution of urea 120 times its own weight of ammonia 
in 6 minutos 

Thus step by step the ground is gradually being broken 
though the experiments of Waldsohmid t-Leitz would indicate 
that the protein itself is not ncoessarily a part of the aotlve 
enzyme 

If the essential chemical constitution of enzymes is as yet 
an unsolved problem, that of their precise mode of aotfon is 
no less so it is indeed, probable that the method of action 
is not tho same m all cases 

Co-ejtzymcs Reference has already been made to the fact 
tliat enzymes generally seem to show a dependence on hydro- 
gen ion concentration for the manifestation of their maxi 
mum activity In addition to this it has been shown that 
for some of them at any rate the presence of other substances 
is necessary for their working Thus the omj loses or starch 
splitting enzymes of tho saliva and pancroatio juice are 
rendered mflotive by dialysis If to suoh an inactivated, 
dialysed specimen a small amount of chlorine ions bo added 
the activity is regained In the case of the oxidases the 
presen co of manganese ions is essential for their action- A 
similar result is obtained by the dialysis of yeast juices by 
which the zymase (the enzvmo whioh is considered as mainly 
responsible for tho fermentation of sugar) is Inaotivaled hat 
on mixing the residue with tho dialysed juice the activity w 
restored. The nature of this co-enzyme is not yot established 
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it Is however known to be an organic compound, and while 
some experimental evidence points to the potassium salt of 
pyruvio acid CH*CO COOK as the necessary co-enr.yme 
Euler and his collaborators have concluded from diffusion ex 
pertinents that it is a much more complex organic compound 
It is considered by many that enrvme action is intimately 
associated with adsorption, and that it is essen trail v a pheno- 
menon of surface activity This would be borne out by the 
catalytic action of e g cert am metal sols in the decomposi 
tion of hydrogen peroxide So far as can be ascer tai ned, 
enzymes themselves are either colloidal m nature or are 
intimately associated with colloids such as was seen m the 
crystalline preparations ob tamed bv Sumner and Jsorthnp 
(pp 3iMJ) If the colloid in question is protem m nature as is 
suggested by the work of these two authors it is dear from 
what has been already said that intensive radiation may have 
an effect in the protem -enzyme complex. As wiD be seen 
later radiations have the power of lowering surface tension 
and also of producing changes in the chemical constitution of 
some of the proteins In both these cases it is claimed that 
the result can be produced bi the action of doses withm the 
therapeutic limit Incidentals we msv revert here to the 
observations upon the viscosity of irradiated egg white made 
by Fairbrother (p 27) where the first graph shows that the 
effect of radiation is not invariably one of steady progress 
but that a marked irregularity m the process may occur We 
should not therefore expect the effect to be the same at all 
stages of the irradiation. 

Ab regards the recorded experimental results of the action 
of radiations upon enzymes we meet with a marked diversity 
of statements Considering radium radiations and taking 
pepsin as an example Bergen and Bickell claimed that its 
activity was increased Will cock found it was diminished 
v hile London stated that radiation was without effect WiD 
cook found destructh e effects m the case of trvpsm and sail 
vary am} lase and Henn and Meyer found destructive effects 
in the case of emulsin and trypsin Wfllcock considered that 
rcnnin was unaffected, a bile Schmidt XI else n recorded a 
*bght inhibiting effect 
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In all such experiments there is a large number of variable 
factors to be taken into account The type, purity and con 
centratlon of the enzyme extraot the presence or absence 
of certain eleotrolytes or ions and the hydrogen ion con 
oen troti on irill at once suggest themselves to these must be 
added the effects of screen age in the case of radium radiations, 
and more especially the presence or absence of appreciable 
amounts of /^radiation. It must also he remembered that 
many enzymes are supposed to be present both m the cells 
and in solutions as zymogens or precursors of enzymes these 
themselves are inactive and are m some cases at least more 
stable m character than the enzymes to which they give 
nee 

In the case of X raj's similar disoordant results have been 
noted. Bordier and Galimard concluded that X rays were 
without effeot on peptic digestion. Meyer and Bering found 
a slight diminution in the activity of peroxidase after one 
hour s exposure but they also noted that exposure to ultra 
violet radiation caused complete inactivation after a quarter 
of an hour According to the same observers autolyra was 
found to be increased but thoy regarded thia as due not to 
increased enzyme activity but to tho aotion of the rays upon 
the nitrogen-containmg autolysablo constituents of the cell. 
We shall return to the question of autolysis and give a more 
detailed discussion of its effects in the next section, but it 
may bo said at once that this seems to bo tho moat probable 
explanation of the increased autolytio effect 

It is not my present purpose to deal further with considers 
tion of this earlier experimental work, but brief reference 
may be roado to the observations of Hussey and Thompson 
(1023) These •nark era made careful quantitative studies of 
the aotion of radium radiations (/? and y) and of X raj’s upon 
solutions of trypsm and pepsin In both oases destructive 
effects were noted and the experimental results subjected to 
mathematical analysis 

A destructive effect of both /? and y-rnys upon tho enzyme 
Buccmoxzdnso xras reported bj Crabtree (1032) Tho enzyme 
extract was mode from ox muscle and exposures were made 
in circular glass cells 2 cm in diameter Those were covered 
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tho action of radiations on living cells On that account a 
somewhat detailed account of tho subject will be necessary 
So long ago aa 1871 it was noticed by Hoppe-Seyler that 
dead tissues within tho body could undergo liquefaction with 
out putrefaction and he added the observation that the 
process resembled the action of the digestive ferments (en 
zymesj It was not until 1891 that it was definitely established 
by Salkowski that this was a true digestive action brought 
about by the enzymes within the cells and he isolated from 
such material two substances then considered as specially 
charaotenstio of tryptic digestion— Ieucin and tyrosm Both 
of these arc of course well known now as being products of 
pro tern hydrolysis and both are amino-acids Ieucm being 
a ammo isocaproio acid and tyroain /3-parohydroiyphenyl 
a -amino- propionic acid It was however not until 1900 
that Jacoby reinvestigated the process of autodigestion and 
renamed the process autolysia Since that time the subject 
has been the hold of extensive investigation and the resulting 
amount of literature may fairly be described os enormous. 
It is behoved that in life these intracellular enzymes have a 
twofold function, anabollo and hatabolic but that m mori 
bund or dead cells the ka tab olio processes predominate so 
that the end result is the complete destruction and solution 
of the colL The various important cell constituents are 
associated with specific intracellular enzymes so that the 
enzyme content of different cells is very different Certain 
enzymes are present in one type of cell and absent from 
others their presence or absence is found to be intimately 
related to the presence or absence of specific cell constituents. 
With the exception of those highlj anomalous and specialized 
cells the red blood -corpuscles enzymes capable of producing 
autolyHis are present in all the cells of the body though m 
markedly varying degree Tho absenoe of autolytio enzymes 
in the red blood-corpuscles was first stated by Pincuasohn 
and Roques (1914) and further confirmed by Morse in 1921 
Details of tho various experimental findings are manifestly 
beyond the scope of the present inquiry but a bnef sketch; 
may be useful in order to amve at a dear idea of the matters 
to be presently discussed. Firstly there is the group of en 
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z vines known os proteoses which act upon the coll proteins 
so as to break them down into their constituent ammo acids 
Of these about twenty are known as occurring in different 
types of protein though present in very different proportions 
while particular amino-acids are altogether absent in different 
protein types As regards the nucleoprotems these appear 
m the first place to be attacked by proteolytic enzymes whioh 
attack the protein groups and liberate the nucleio acida 
These in turn are aoted upon by nuoleascs with the liberation 
of punne bases which in their turn are decomposed by 
specific enzyme* such as adenose and guanase 
It will be seen in the sequel that irradiation has on effect 
upon autolysis causing m some cases a slight and in at least 
one other case a very marked, increase Upon whioh stages of 
autolysis of either cytoplasm or nucleus the maximum effect 
w produced is not vet known but as will be shown the early 
microscopic effeots of both nutolyms and exposure to radio 
tion m tho cold (0 C ) ore first seen in the nucleus 
Influence of hydrogen ton concentration The degree of 
acidity or alkalinity has a marked effect upon nutolysis 
Generally spoaking a famtly aold reaction (pH = 6) is most 
favourable but some autolytio enzvmoa show their man 
mum effect m a famtly alkaline medium Thus m the liver 
apleen, pancreas leucocytes and gastno mucosa there have 
described pepsin liko intracellular enzymes which have 
optimum pH «= 3 6 that is very definitely acid But in 
*11 these tissues there havo also been found enzymes of tho 
frypsm type wlilch specially attack peptones or peptides 
causing their disintegration to amino-adds Tho optimum 
pH f* about 7 8 In different tissues ono or other of these 
Cfc*ymo types appears to be dominant it need hardly bo 
said that variations occur in different species of animal 
Hemby (1018) found that a pH between G and 0 wns the most 
effectivo In tho specimens of liver with which he worked Ho 
further concluded that tho maximum degree of autolysis 
was reached when both sets of cnxvmes were abio to work 
together Tho alkaline-noting cnrvmo with an optimum 
pH of 7 8 is not completeh inhibited by so markedly acid 
a reaction as pH ■=* 3 

o 
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Bradley (1922) confirmed Demby’B view that tiio Unit fit op 
m antolytic proteolysis is a partial disintegration by an 
emymo working between pH = 3 and pH 7 
Dernby (1922) class died natolytio proteasee aa under 
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Antolyms m the brer seems to prooeed most eneigetioaDy 
at a pH of about 0 or even alightly to the acid side of this 
Bradley and Taylor (I9I«) found pH = 0 to bo the optimum, 
while autolysia ceased at pH = 7 4 During the process 
the reaction of the tissue changed from pH = 7 4 to pH <= 0 
Lane-Claypon and Sohryver (1904) in aomo early work on 
brer autolysia found that when the liver was put to autolyse 
there was a latent period of about 4 houre before autolysis 
fairly started. This was followed by a rapid rise in disintegra 
tion lasting from i to 10 hours after whfok there wns a very 
gradual increase between the tenth and twenty fourth hours 
The conditions nre shown on the aooompanymg graph where 
the times are plotted as abscissae and the riso in autolyas as 


ordinates 

Koehler (1923) studied the pH changes occurring in the 
liver after death the animals being shot The liver brel 
was found to ahow pH «= fl 0 several hours after death this 
was not a gradual change the pH changing from normal to 


0 7 within * very ahort tune 

Koehler Bronqnist and Loevenhart (1023) made aome 
iibservations upon tissue oxidation snd reaction which wdl 
Subsequently bo seen to have an important bearing on the 
oblem we are now investigating Decreased oxidaticm 
beXoxaemia) was found to produce acidosis and therefore the 
may-eased oxygen-supply consequent on decreased blood 
to btly Will have a marked indnence on the eliange of the 
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normal pH = 7 4 or thereabouts to the pH =* 6 which has 
been generally considered as the optimum reaction for auto- 
lytio enzymes generally 


STMTLS Or LIVER AUTCUxOT 



The observations of Sevrmghaus Koehler and Bradley 
(1923) may be summarized as follows 

1 Following death the pH increases with almost explosive 
rapidity the average maximum pH ■=> 6 is reached m 
from 4 to 48 hours after death after which pH becomes 
about 0-0 in about 10 days Thereafter a slow increase 
m aouhty is noticed. 

2 If acid i s added before autolysis begins the pH drmmiob *** 
slightly for a few days as hydrolysis proceeds and the 
bulk of the proteins are converted mto amino-acids 
and but little change m reaction occurs afterwards 

3 If alkali is added before the tissue is set to autolyse the 
pH may change from 9 to 7 m from 24 to 48 horns 

4 The liberation of phosphoric acid accounts for the 
greater part of the increasing aoiditj in both the control 
and the alkaline mixtures 

5 Tho fattj acids produced by autolysis of liver tissue 
combine with basic groups of the protein present and 
thus raise the pH and increase autolysis 

G. The addition of acid to tho material which is to bo 
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autolyscd caueee an mcrooae in the amount of amino 
acid formed. The optimum point is reaohed when 
enough acid has been produced to oonvert all possible 
tissue proteins into acid proteins which then form the 
substrate for autolybo enzymes 

By several observers it has been stated that lactio acid 
is produced m autolysis Working with auto lysed muscle 
Fletcher (1011) was unable to confirm this In other organs 
however Its formation and subsequent destruction is gener 
ally believed to occur and its formation or otherwise appears 
in some degree to depend on the typo of antiseptio used in 
tho experiments 

The procoding records of experimental work demonstrate 
clearly that autolytio processes are of extreme complexity 
Tho following facts would, however, appear to have been 
established 

1 There is a definite increase in acidity as antolyais pro- 
ceeds and this acidity favours the general end results 
of the autolytio processes 

2 In the earher stages the liberation of phosphoric acid 
serves to establish the optimum acid pi I. 

3 This is assisted by the formation of fatty acids by intm 
cellular lipases from the fats present in the cell. 

4. Lactio acid when produced is again decomposed. 

I> Lack of oxygen increases acid formation and therefore 
stimulates autolyms 

0 The state of nutrition of the animal at the time the organ 
is submitted to autolysis is of the greatest importance 
since in fasting or starving animals this is much greater 
than m animals normally fed 

These points will be seen to bo of essential importance in 
the consideration of the action of radiations upon colls and 
tissues 

Most of the work upon antolysis has been necessarily carried 
out b} means of chemical anal vsis at tho various stages This 
involves very accurate complicated and laborious experi 
mental wot k. It is therefore, of interest to know that 
attempts have been made both in normal and in irradiated 
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tissues to correlate histological changes occurring in autolyscd 
tisane with the chemical findings 

So far as I am aware the earliest systematic work earned 
out on these lines was that of Wells (1909) the main objeot 
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of his inquiry was to determine what part autolysia took in 
the removal of tissue from aseptic necrotio areas such as 
occur in certain infarcts and as a sequel to the experimental 
deprivation of blood-supply There are obviously three 
methods by which dead tissue cells can be removed 

1 Bvheterolvsis(Jaoobj) or digestion by enzymes secreted 
by active invading cells 

2 By autolysis or digestion by their own intracellular 
enzymes 

3 By the blood -serum 

Hetcrolysia occurs mainly as a result of the action of leuco- 
cytes which apparently secrete enzymes capable of digest 
mg not only leucocytic protem but apparently every other 
sort from serum albumin to catgut ligatures (Wells) Opie 
has demonstrated the presence of proteolytic enzymes in the 
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bone marrow whioh act beet in an alkaline medium whereas 
the autolytio enzymes of the lymphatio glands act most 
effectually m a slightly acid medium Heterolysis may be 
either intra or extracellular examples of intracellular hetero- 
lysis oocur in phagocytosis it is extracellular when the aotiro 
enzymes are accreted by leucocytes or wandering connective 
tissue cells Upon the death and dissolution of a cell, the 
intracellular enzymes are liberated as is evidenced very 
clearly by the presence of proteolytio enzymes in the nrme 
after extensive superficial bums (Pfeiffer 1014) From patho- 
logical evidence it appears probable that the liberation of 
enzymes from intaot normal cells is very alight In the case 
of severely injured cells the autolytio enzymes act upon the 
protein and other constituents of the cell itself causing them 
to break down into simpler bodies 

It would seem that the action of serum is comparatively 
slight this is possibly because the action of any enzymes 
present is held in check by anti -enzymes present in the serum 
itself Sohryver (1006) found for instance that the addition 
of scrum hindered antolysk of the liver cells and it was also 
noticed by Opie that tho serum of inflammatory exudates has 
an inhibitory effect upon the action of leuoooytio enzymes 

Pathological autolyais and heterolysis arc mainly brought 
about by enzymes derived from injured or dead cells In 
the case of large aseptio infarcts it is found that in the central 
parts — whioh are therefore remote from the circulation and 
from the action of leucocytes or wandering connective tissue 
oells — the softening and degeneration are brought about by 
the intracellular enzymes of the cells thomsolves At the 
periphery on the other hand extraneous heterolytio cm 
zymes seem to predominate in effecting tho removal of the 
dead tissuo 

In studying the action of radiations on cells and tissues 
the question of ths part played by outolyBis is obviously one 
of considerable importance Before entering upon a chs 
cusaion of this matter reference must be made to tho work 
of Corper (1012) m which he endeavoured to correlate tho 
chemical products liberated during autolyms with tho con 
tempo raucous histological appearances presented b} tho 
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autolysing tissues The paper m whioh Corper described his 
experiments and their results is neoeeaarily full of detail 
and should be studied in its entirety Nevertheless a brief 
epitome of the results obtained is neoescary for our present 
purpose For his experimental work he selected the spleens 
of large dogs as providing sufficient material to allow of 
the necessary chemical analysis 

One of the earliest observed histological changes m auto- 
lysed material is nuclear pycnosis Dietrich and the Tubmgen 
school attributed this to the loss of water from the nuolear 
substance Wells is rather m dined to attribute the pycnosis 
to an mtranudear enzyme whereby the nuclem is attacked 
with the liberation of nuoleio acid. Some facts that will be 
presently brought forward will be found to give a certain 
amount of support to this hypothesis the appearance might 
obviously occur from both causes 

Pycnosis is followed by karyorrhe xi s and karyolyms and 
the most marked chemical changes occur m the two last 
phases During the stage of pycnosis almost all the cell 
constituents are in the ooagulable or easily prempitable form 
much as m the original non autolysed tissue After karyo- 
lysis is practically oompleto the ooagulable and prempitable 
elements gradually decrease in amount but the rate is 
greatly below that occurring during karyorrhexis and karyo 
lysis Even when microscopic nuolear degeneration is greatly 
advanced the ohemical actions are still in progress though 
the rate is slow Finally when nuclear s tr u cture can no 
longer be seen 

72 per cent of the nuclem N 

50 per cent of the original insoluble P 

70 per cent of the original insoluble N 

are still in the relatively insoluble form — lo are prempitable 
nnd coagulable by alcohol— and two-thirds of the phosphorus 
is yet in complex orgamo combination 
An attempt was made by Colwell and Glsdstone (1032-5) 
to apply histological methods to the examination of tissues 
subjected to/i-radiation. Radon in thin walled glass tubes was 
employed for the purpose and the tissue under examination 
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— rat h liver — was transfixed by the radon tube the whole 
bomg kept at 0 C so as to eliminate as far as possible any 
antolytic changes m the first instance 

The livers were removed from the animals as soon as they 
were completely trader the anaesthetic 1 and immediately 
put into ice-cold saline They were then cut into suitably 
sued pieces usually about 1 cm square, and inclu ding both 
the upper and lower peritoneal surfaces of the fiver The 
portions of fiver were then dealt with as the circumstances 
of the experiment dictated. It will probably add to dearness 
rf the experiments are not detailed in their strict chrono 
logical sequence but more or less as the subject has seemed 
to develop itself when reviewed at the end of the experimental 
work. 

Control specimens 1 As will be seen later the experimental 
methods adopted usually necessitated the placing of the 
tissue in the cold safe at 0 C for 0 hours. It was therefore 
essential to determine whether specimens so kept and placed 
in the cold directly after removal from the lxxl\ showed any 
marked differences from a specimen removed from the body 
and placed at once in Bouin s fluid * which was the fixative 
used throughout these experiments The differences between 
these two control specimens were very slight The nuclei in 
both were evenl \ stained and showed a smooth contour but 
in the specimens kept at 0 C for C hoars their appearance 
was a little more variable than in those placed m the Bouin s 
fluid while m some cases there was a narrow clear space 
around the nucleus owing to its contracting awaj from the 
surrounding cytoplasm. In these cases the nuclei differed 
very markedh from those seen in specimens exposed to the 

» Ether m owd u the »*»ettb*tfe thrtwgboct the pr wu t »«im of 
npTOKoti. 

Am will be aeen later theae control* ha • an Important beannf upon 
the remit*. and therefore need fairly detailed conajdei-atioo. 

Boom * fiord u composed of 

Sat orated watery •oJottoo o < p*cnc aod 75 exu 

Formahn {- 40 per cent, watery aohrtwa of formalde- 
hyde) Z*tA 

Glacial acetic aetd ^ C- f' 

It i% a mewt eicelWit fix* t no for the pnrpoaa. Sumtne thrvvgboct «M 
by hwmatoxj Lin aod coam- 
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notion of radon, in that they were stained bine instead of the 
blackish tmt seen in the latter It may he said that preserva 
tion at 0 0 for 0 hours had very little effeot upon the 
essential features of the specimens 1 

Another senes of controls was made in which the specimens 
were transfixed with dummy tubes of exactly the same sire 
as those used for containing the radon m the irradiated 
specimens Here there was merely a local pressure effect in 
the area immediately surrounding the needle- track. The cell 
outlines and nuclear contour were well defined and e\ en. 

Effects of exposure to radon apart from atitolysis In these 
specimens the portions of liver were removed from the ice- 
cold saline in whioh they had been put immediately after 
removal from the body and transfixed vertically— l © so that 
the radon tube passed more or leas vertically through the 
upper and lower peritoneal surfaces — by the radon tube The 
radon tubes were of glass about I 6 cm. in length and 1 mm 
in diameter with a wall thickness of about 0 00 mm the 
radon content of the tubes was except when otherwise 
specified approximately 10 me Exposure was made for 
24 hours the specimens being kept at 0 C. throughout and 
then transferred to Boom s fluid. 

The appearances then seen were m marked contrast to the 
controls The area immediately around the needle- traok was 
deeply and diffusely stained with eosin and the intercellular 
divisional planes were markedly indistinct or had entirely 
disappeared (Seo p 70 ) The cells thus seem to be fused 
with one another so as to form continuous trabeculae which 
are arranged concentrically round the perforation produced 
by the needle The nuolei of the hver cells m the rone im 
mediatclj round the perforation where thej were exposed to 
the most intensive ^-radiation were very deeply stained and 
appeared almost black, the details of nuclear structure being 

1 Borax* tipmmroti were alao carried tmt in winch the »pecime»s were 
pluwd fn few-cold CO per cent- alcohol, then tranaf erred through gradually 
loereMmg •trengthj to alwohite .kohoJ. The »pecimraj acta kept fn the 
K ^' chrtt *1 O* O. throughout the progre*, from CO per cent, to abacJuta 
alcohol. The fde* wu to elnninat* poa*ihle change* dne to treatment by 
ttroog electro!} tea. The*© .pecimcn* ehowwd no difference* from the 
Bourn faed .penmen*, except that the fixation m not quite ao good. 
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obscured or quite invisible In many cases the nuclei ■were 
flattened or elliptical in outline conformably to the flatten 
ing of tho cells in which they lie As in the control this 
flattening is the result of the mechanical pressure caused by 
the needle In some places detached fragments of chromatin 
could be observed and were apparently duo to breaking up 
of some of tho nuolei Tho endothelial lining of the hepaho 
sinuses showed some disintegration, and the shrunken highly 
pycnotio nuclei hod m somo cases escaped from the endothohal 
colls 

The cytoplasm of the hepatic oefls in the zono around the 
needle track was deeply stained with ooain, the coloration 
being markedly diffuse whereas m the control specimens it 
was limited to the granules and oytorotioulura' the hyalo- 
plasm being m this case either very lightly stained or im 
stained This diffuse ooloration of the cytoplasm appeared 
to be duo to the breaking down of the secreting granules and 
the diffusion of their contents m tho matrix of the cell body 

The rone of most intense aotion around the noedle-traok 
measured about two-thirds of the diameter of a liver lobule 
Beyond this area were outlymg patches of liver tissue which 
showed the more marked effects just described but these were 
smaller and the changes less marked with increased distance 
from the needle-traok Elsewhere in this intermediate rone 
the outlines of the liver cells were more distinct, and the 
granules more normal in appearance Tho distribution of 
the granules and their size were however observed to be 
very variable the sharp contrast between the clearly out- 
lined woll -stain od granules and tho olear cytoplasm of the 
oontrol specimens was la clang in the frradfated specimens 
Tho cytoplasm itself showed a peculiar ground-glas like 
appearance in tho irradiated specimens as if a very flue 
precipitate had been produced this was in marked contrast 
to the bright and clear appearance of the cytoplasm m the 
controls As with the nuclear changes this was most marked 
in the region of most intensive radiation. 

Effect of autolysis untkovl preliminary irradiation In tho 
senes now under consideration portions of liver wore kept 
in tho cold (0 C ) f or 24 hours so that they had exactly the 
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same conditions — except for radiation — as those in the pre- 
ceding Bene* Autolvsifl web allowed to progress for two 
hours at 35 G ni chloroform saline after which the tissue 
waa removed at once into Bourn s fluid S taming as before 
was with haematoxylin and eosm. 

To the naked eye the section appeared evenly stained but 
examination with a low power (J inch) objective showed that 
the staining was patchy in distribution In some areas the 
cytoplasm had broken down and clear unstained spaces 
were present m it m other situations the granules and cyto- 
reticulum showed deep staining with eosin giving the impres 
si cm that the autolysis had been more aotive m some places 
than in others On the other hand m those areas where the 
cytoplasm had broken down the cell boundaries and oyto- 
reticulum were often abnormally distinct owing to the 
disappearance of the granules and the replacement of the 
matrix by clear spaces Nothing was left of the cell body m 
these situations but the reticulum and the cell membrane 
The nuclei of the liver cells m the central and intermediate 
parts of the section varied considerably m tuze some being 
contracted while others were larger than normal sometimes 
a clear rone was present around the nucleus 

Effect of autolysis unth preliminary radiation The specimen 
was exposed to radon for 24 hours at 0 C and then allowed 
to autolyB© for 2 hours The effects in the zone immediately 
around the needle track were of much the same character 
as those observed m radiation without autolvsis but -were 
much more marked The cells were less deeply stained -with 
eosin and showed the same kind of fusion owing to dis 
appearance of the cell membrane The changes observed 
were more marked also than in the specimens submitted to 
autolysis alone and were also best seen in the rone of most 
intense irradiation. 

The effect of previous irradiation is therefore that the 
autolytic changes n hich occur after exposure are more marked 
than m non irradiated specimens 
Effect of exposure to liquid air before autolysis These expen 
ments were undertaken in order to observe the effects of an 
agent which it was thought would probably cause severe 
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damage to the oell substance without inhibiting the subse- 
quent action of the antolytio enryznee 
The effects of exposure to liquid air alone were firat deter 
named The freshly removed liver was as before placed 
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Fio It Section* of rat Uv*r (A) Autolyvod without Irradiation. (B)Auto- 
lyjed after irradiation by ft ray*: tho largo apace in the figure Indiratra tho 
track of the glow tubo containing radon. 

immediately m ioe-cold eahne after which it was dropped into 
a vessel containing liquid air (temperature == —lfiO 0 ) After 
evaporation of the liquid air and when the speounen had 
again become softened, it was placed in ice-cold 00 per cent 
aloohol fixation being completed in different strengths of 
alcohol up to absolute alcohol. Fixation throughout was 
carried on m the ice-chcst- 

The most striking change noticed in the sootions nos a 
great increase in tho size of the intercellular and intertra 
beoularspacoe Thero was also a breaking down of tho matrix 
of tho cell bodies with tho formation of intraoelluiar spaces in 
the oytoplasm Tho nucloi of tho liver colls also showed 
variations in she and depth of staining some of them being 
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remarkably small The appearances throughout were con 
Histent with what might have been expected from the physical 
ohsnges to which the material had been subjected Some of 
the pieces of liver after removal from the liquid air showed 
marked fissures and of course were so hard when first 
removed, as to be easily broken to pieces by a blow from a 
h amm er 

When the specimens were removed from liquid air and 
then allowed to autolyse for 2 hours the results were very 
diff erent After autolysis they were found to be so diffluent 
that they could not eaerilv be moved, and it was necessary to 
pipette off the saline solution m which they had been allowed 
to autolyse and to pour the fixing flmd over them There was 
found marked destruction of tissue throughout the whole 
specimen the nuclei of the liver oells were pycnotio and so 
reduced in sire that the diameter was not greater than that 
of a red blood-corpuscle The cytoplasm generally was ill 
stained and the endothelial lining of the hepatio sinuses 
was completely destroyed The autolytic changes w ere seen 
to be greatly exaggerated when compared with the appear 
ances seen m normal liver allowed to autolyse for the same 
period. Severe damage to the cells such as is caused by 
exposure to liquid air thus increases autolysis and the 
extreme nuclear pvcnosis is verv marked. 

It is interesting that the earliest noticeable effects of both 
autolvsis and exposure to ^-radiations in the cold (0 C ) 
should be the production of nuclear pvcnosis. 1 The matter 
undoubted!) calls for further investigation but since one 
well known effect of radiation is upon the nuclear membrane 
the pycnotio appearance in this case may be due to loss of 
water in the early stages of autolysis as is suggested by 
Dietncb and his collaborators Equal] v of course this may 
be the effect of direct action of the radiation upon nuclear 
structures and indeed tho peculiar and characteristic black 
ish coloration of the nuclei when itamed with haematoxyhn 
suggests that direct chemical action upon nuclear material 
is hhclv to bo at any rate a contributarv factor 

1 Dtttioct e\ Kteoct* of the t**gmjnng of nuclear pj-cno*a can bo *een after 
one boor • r*dntxm in tbo cold. 



64 CHEMICAL ACTIONS OF THE RADIATIONS 

So far ob tho liver is concerned it would appear that the 
increased antolyBis due to irradiation under the oiroumstances 
described is alight or moderate and it may be said that m 
all cases the livers used were those of well fed non fasting 
rats 

With the intestinal mucoea the offoot of radiation upon 
subsequent autolysia has been shown by Warren and Whipplo 
to bo very markod It is well known of oourse that tho 
mucous membrane of the small intestine is exceedingly 
sensitive to irradiation when irradiated mucosa is removed 
and allowed to autolyse comparison with the autolysis of 
control specimens shows a striking increase The differences 
betwoen irradiated and non irradiated autolyBcd and ncm 
eutolyaed specimens are exceedingly well seen in micro- 
scopical preparations 

Probably comparative examinations upon the effect of 
radiations on autolysis m different tissues both normal and 
neoplastic would reveal oonadorablo differences in tho effects 
produoed. Moreover m living tissue* a number of other 
faotors which are dirootly affected by radiation necessarily 
como into play Differences m oxidation and nutrition depen 
dent on altered blood supply will at once suggest themselves 
and indoed, theso secondary effects may bo of considerable 
importance in determining tho progress of autolyms in cells 
whioh have already been injured by exposure to radiation, 

Ab already Baid increased autolysia as a sequel to radiation 
is most probably not due to any activation of the enzyme 
but to a damaging effect of tho rays upon tho tissue okunents 
whioh form the substrate The matter will be referred to 
subsequently when some of the actions of radiations upon 
neoplasms are under consideration 

Cell Llpldes 

The Lecithins and Cholesterol 

Tho term lipoids was long used to designate a hetero- 
geneous collection of substances which v , ere more or less 
connected rather by thoir physical than by their chemical pro 
pertles All the substances so caliod nro insoluble in water 
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but can be extracted b\ such fat solvents as alcohol ether 
and chloroform The term has been bo loosely employed that 
its disuse wee ms advisable a more comprehensive term hpxdt 
has been suggested to include such substances as those 
mentioned below Many attempts at classification have been 
made but perhaps the following scheme of classification 1 
for fats and bodies with similar physical properties is as 
convenient as any It will bo seen that upon this view the 
fata themselves are inoluded as a sub-group of the hpides 
which as a whole are characterized bv the physical properties 
already mentioned. 

1 Simple hpides (esters of fatty adds with alcohols) 

A Fats (oils) All glycerides 

B axes Esters of fatty acids with higher alcohol. 

C Cholesterol esters 

2 Complex or compound Hpides (compounds of fattv acids 
with alcohols but also containing other radicles) 

D Phosphohpidee or phosphotides lecithins cephalms 
sphingomyelins 

E Glucohpidea (contain carbohydrate radicles and 
nitrogen but no phosphorus) cerebrosides 
F Aminohpides Sulpholrpides &c 

3 Derived hpides (compounds derived from the above 
groups b\ hvdrolvsis but which fltill possess general 
hpide characters) 

G Saturated and unsaturated higher fatty acids 
BL Higher monatonuo alcohols including the sterols 
Cholesterol. 

The Lecithins The lecithins belong to the second group 
m the preceding classification — complex lrpides tJponhvdro- 
Ijsis they yield glvcerol phosphoric acid ohohne and fatty 
acids All lecithins are dextrorotatory and as the derived 
glycero-phosphonc acid is also active the following formula 
has been assigned to it 

CH^OH 

CH.OH 

I 

CH r o.p 040 Er) J 

1 A* civtu by Cameron. 
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bo that the phoephorio acid group ia not united to the middle 
carbon atom of the glycerol chain 
The general formula for the lecithins themselves may be 


written 


CH,0 OOR 

cdoCOR 


CH..O-P «=. (0H)0 CH,.K ~ (CH^ 


It has from tune to time been suggested that X ray and 
radioaotivo radiations have on almost specific destructive 
effect upon lecithin causing its decomposition and that the 
free choline (trim ethylamm oni um hydroxide) thus liberated 
Is tho toxic agent in all and sundry varieties of oell destruc- 
tion due to radiation. 

All reoent work has gone to negative such a viow and 
irradiation of lecithin by intensive doses of X rays has 
repeatedly been found not to cause liberation of choline 
Personally, I have exposed to X rays samples of as pure 
lecithin as I could prepare from egg yolk for 24 hours and 
obtained no evidence of any cholmo liberation The prepare 
tions were placed in small glass dishes about mches in dia 
meter and covered with thm mica scaled with paraffin wax. 

Ab this groundless theory of the action of radiations oon 
tmues from time to time to make its appearance it has been 
necessary to refer to it because experimental evidence does 
point to an action of radiation upon lecithin though not of 
the crude nature previously suggested. Lecithin ia closely 
associated with cholesterol in cell and nuclear membranes 
and thm la certainly the case in the cell membrane of red 
blood -corpuscles In these conditions tho lipidea aro associated 
and linked with protein groups. Radiations are believed to 
act upon thceo protom lipid e complexes so as to disrupt them 


Cholesterol 

Both cholesterol and lecithin have been credited with 
playing an important part in the biological actions of re dia 
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tions end it has even been suggested that decomposition 
products formed under these conditions are the fundamental 
sources of the lethal action of radium and X rays upon 
animal cells Further research has shown that this somewhat 
crude hypothesis is almost certainly incorrect but that a 
secondary action takes place in whioh protein lipide com 
plexea are disturbed or destroyed, seems very probable and 
is supported by so good an observer as Fenian 

Of the mode of formation of cholesterol in the body we are 
still in the dark the view that the reticnlo-endothehal system 
is largely responsible for its formation appears to be gaining 
ground Its exact chemical composition is yet under discos 
non bat that it has carbo-cycho units a secondary akohoho 
group and one nnsaturated linkage are established facta 
Win da us considers the following formula as most probably 
representing its composition 

CH 



It has now been established b\ Rosenheim and Ring that 
the nucleus of all tho bile acids and sterols including 
cholesterol is 



Tho empincnl formula of cholesterol w C„H„0 
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"What ib certain is that it is extremely widely distributed m 
the animal kingdom and in a careful study by Dor6e (1909) 
of metaxoal forma from the Chordata to the Ccelenterata 
it was found in all ce ll s of all the animals examined with the 
single exception of the starfish {Atianas rtibens) Its presence 
in ah cellfl of the higher animals may be taken as established, 
and their ubiquity has led to the conclusion that it must have 
important functions Pathologically it is found to be accu 
mu la ted, often in its characteristic crystalline form in tissues 
where cells are undergoing slow- destruction and where ab- 
sorption is poor it is also a constituent of all pathological 
exndates It is stated to be unaltered during the process of 
autolyms 

There are two ways in which it is likely that cholesterol is 
of importance in the animal organism firstly as a com 
ponent of protein lipin complexes as in cell and nuclear 
membranes and, secondly as a factor m immunity reactions 
and vitamin formation The relation of cholesterol to certain 
hormones and to the active agent in carcinogenic tars has 
been summarized by Dodds (1934) in his Goulstoman lectures 
It is of interest that the addition of cholesterol to the red -cell 
suspension retards or inhibits the haemolytic action of such 
agents as saponin it should however be noted that this 
property is not shared by the lipins The importance of hpins 
m the various processes of immunity is recognized and it^ 
has been claimed though it is not generally agreed that 11pm 
extracts may replace the actual red blood -cells as the antigen 
m the preparation of haemolytic sera 

Considering the general character of the various cell con 
stituents there is a probability that the hprn elements are 
present in colloidal form and may therefore be concerned 
in surface actions It has been thought that the adrenals 
are at least an important source of some of the body 
hpides the fact is known that 33 0 per cent, of the human 
adrenal consists of ether-soluble materials (A\ ells 1908) of 
which 20*0 per cent are cholesterol while 33 per cent are 
lecithin. 

This is a brief summary of certain of the known and sup- 
posed functions of cholesterol in the animal economy It a 
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known along with lecithin to form a part of the cell mem 
brane of the red blood-corpuscles it may well bo combined 
with protein and the highly specialized function of the cell 
membrane of the red blood-corpuscles is well known 

Cholesterol and closelv allied bodies are known under 
certain conditions to be important in vitamin production, 
and m this respect the possibility of an inhibiting action of 
X rays and radium has been suggested. 

The decomposition effect observed by Roffo and Correa 
when solutions of cholesterol in chloroform are Irradiated 
has been found to be due to a secondary action caused by the 
action of the radiation on the solvent When cholesterol is 
dissolved in solvents which do not contain chlorme — benzene 
ether alcohol — the typical colour reaction with acetic an 
hydride and sulphuno acid is neither destroyed nor dim! 
nished The effect may not be manifested, even m chloroform 
solutions of the strength used by Roffo and Correa (0 02 
per cent ) I have exposed such solutions enclosed in quartz 
tubes sealed with corks soaked in paraffin wax, for several 
hours to X rays with no obvious effect on the tvpical colour 
reaction and stmllariy exposure to 30 mgm radium element 
screened with 0 5 mm platinum for 4 days was found to be 
without effect In this case I may say that the chloroform 
used was the purest anaesthetic chloroform specially obtained 
for the experiments in hand and that the solutions were 
protected from light throughout the experiments 

Roffo and Degiorgi (1929) by irradiating blood-serum in 
nfro claim that a destruction of cholesterol does occur and 
that the amount of destruction depends upon the duration 
and intensity of the radiation They further stato that the 
destructive effect is greater when the original cholesterol 
content is small. 

During the course of some experiments which are still 
(Febmnrv 1033) m progress a certain amount of evidence 
has been forthcoming that cholesterol undergoes oxidation as 
a result of exposure to radiation. It is indeed well known 
that it rca dd) and even spontaneouslv undergoes oxidation 
and that the reaction is irreversible 

The lecithins on the other hand if they contain anv 
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unsaturated fatty acid groups tend to undergo reduction 
Hence if cholesterol and lecithin form an essential part of 
cell membranes as Is generally supposed. It is dear that ex 
posnro to radiation may alter their chemical composition 
in a very direct manner and so affect their permeability 
As will be seen later the histological changes m both cell and 
nuclear membranes occurring after radiation are very marked 
(see Chap III) 


Glutathione 

This substance which Is of fundamental importance m 
cell oxidations was first isolated from muscle by Hopkins 
(1021) It is not present in blood plasma but occurs in 
varying amounts in all the bod} tissues examples of the 
glutathione content of some tissues are 

Striated muscle 
Cardiac muado 
Non -striated muscle 
Liver 

It is believed to be present in larger amounts in foetal than 
in adult tissues and especially abundant in cells of the so 
called embryonic) type where it acts as a powerful stimu 
lant to mitosis 

Chemically it has been found to have a peptide structure 
being formed by the combination of glutamic acid cysteine 
and glycocoll radicles according to the following scheme 

CO OH 

NH-CH, 

Glycocoll 
radicle 

Glutathione 

It maj be regarded for the sake of simplicity as a hydrogen 
gulphlde molecule in which one of tho hydrogen atoms is 
replaced by the glutathione radicle If this is expressed bv 


COOH 

I 

CHNH, 

cb t 


CHjAH 

NH-ck— CO 


CH..CO 
Glutamic add Cystam© 

radicle radicle 


0-06 per cant. 

0 13 

0-13 

0-38 
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the abbreviation G the oxidation of reduced glutathione will 
be represented by the accompanying formula 
2(GJ5H}%GS.SG+2H 

In living cells its part is that of a transporter of hydrogen 
and, a* indicated above the reaction u a reversible one It 
appear* also that there is present in the tissue cells a sub 
stance of which the chemical nature is as vet undetermined 
It is like glutathione thermostable bnt differs m being 
insoluble in water This substance contains hydrogen atoms 
with which it parts readily Indicating this body by the 
formula its reaction with oxidised glutathione may be 
represented by the following equation 

XH,+GS.SG^X-f2(G.SH) 

The reduced glutathione thus formed can part with its 
hydrogen to any suitable acceptor in the cell this is most 
probablj oxygen and the compound resulting from the 
union of the two elements hydrogen peroxide Hydrogen 
peroxide when acted upon by the intracellular peroxidases 
can m time part with its oxygen which is then available for 
purpose* of cell metabolism A certain amount of evidence 
ha* been brought forward to show that glutathione itself 
may exist in the form of a complex organic peroxide and so 
act as a transporter of oxygen. 

Its importance in processes of cell oxidation has been amply 
verified bv experiment Muscle tissue for instance if deprived 
of its glutathione by extraction with water ceases to con 
suine oxygen when removed from the body If to such 
washed and glutathione-free muscle tissue glutathione is 
added oxidative processes recommence with the accompany 
ing consumption of oxygen. 

Coldwater (1930) experimenting with the plananans Plan 
anaagiliaanilProctyiajluruitiU* in which the glutathione com 
tent is normally high found that it was markedly diminished 
bv exposure to large doses of X ravs (2000 R) The proba 
bib tv of the great clinical importance of this experimental 
work when the therapeutic radiation of neoplasms is con 
corned us evident *mee as already said glutathione is 
present in unusually large amounts in cells of the embrvomo 
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typo m which it is believed to aot na a powerful stimulus to 
mitosis any agent tending either to its destruction or to 
inhibition of its aotion will clearly have a marked effect upon 
the oxidative processes and therefore upon the vitality of 
the cell 

Oxidation and Carbohydrate Metabolism of Tisanes 

Mention may suitably be mode here of the work published 
by Crabtree (1932) on the effects of radium radiations upon 
tissue oxidations and carbohydrate metabolism There are 
a b he points out many practical difficulties to be over 
come in such investigations for instance the tissue examined 
must be such that it will survive when removed from the 
body for a sufficient time to enable the necessary readings to 
bo made The latent period which manifests itself in a number 
of histological examinations of tissue after irradiation must 
also be taken into aooount in these experiments If tumour 
tissue is the subject of investigation care must bo taken to 
ensure the homogeneity of the specimen os otherwise totally 
fallacious results might be obtained areas of necrosis or of 
partial degeneration would be specially liable to vitiate the 
results of the experiment In addition there is the very 
interesting fact that specimens taken from tumours histo- 
logically identical in every respect may normally give very 
different results when the phenomena of their metabolism 
are the subject of inquiry 

Crabtree used two radium apphcatora each containing 
approximately 58 mgm of radium element and screened 
with 012 mm of silver In the i» vitro experiments there 
was in addition a layer of glass and a layer of liquid (Ringer s 
solution) The preparation of the Ringer a solution is a matter 
of importance and special measures are required to obtain 
a pH of 7 40 at the beginning of the experiment The tissues 
whiob were found most suitable were the normal testis and 
spleen of the rat and Jenson s rat sarcoma 

For tho experiments performed on irradiation t» vitro the 
apparatus shown in the figure was used. In the case of 
Jensens rat sarcoma tho aotual quantitative results in a 
senes of fifty cases showed variations but the general qunli 
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tatrro result was the same — a progressive deterioration of 
the respiratory power with no concomitant chango in aerobic 
glycolysis until the respiration has become neghgible The 
experiments were carried out for varying periods generally 
from 10 to 12 hours, though some were extended to 24 hours 



It is noteworthy that the same progressive deterioration of 
the respiratory function occurred m non irradiated tissues 
but rouoh more slowly Irradiation had not initiated but 
only accelerated a normal process in tissues removed from 
the body 

Allusion has already been made to differences in the be 
haviour of sections of tumours which were to all appearances 
identical in histological character three instances of this 
may be cited 

1 This specimen showed a marked fall m respiratory 
function quite suddenly after about 3} hours lrradia 
tion tho tenth hour this had fallen almost to rero 

2 In a second specimen which w as an example of tho most 
commonh occurring type there was a gradunl fall 
manifesting itself distinctli in about 4-,» hours and with 
a gradual fall afterwards 

3 In ft third cxnmplo chnngo was but slight up to 8 hours 
find a marked fall began about tho tenth hour 

Effects of similar character were noticed with normal rat 
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testis and spleen the characteristic features were a latent 
penod followed by a fall in the respiratory* process during 
which the aerobic glycolytic funotion seemed practically 
unaltered 

Crabtreo a general summary is as follows 

The respiratory processes arts always affected 

(а) Jn vitro tmues under oonxtont irradiation gradually lose their 
power of using oxygen after an initial penod of some hours, during 
which no change is detectable. Control tissues meanwhile respire 
freely though ultimately they suffer the same fate. Radiam radiation 
effects an acceleration of a naturally occurring degenerative process. 

Glycolytic processes are much more resistant to the damaging 
influence of radium radiation. During tl>e period of progressive decay 
of the respiratory' power to a negligible value glycolyais prooceda 
unimpaired 

(б) Jn ciro similar effects are produced though less rapidly 

The delayed effect of radium radiation on the Jenson rat aarooma 

leads to a fall in the magnitude of the respiration, or a damaging of 
its effectiveness in checking glycolyais, which results In the appear 
anoe of an abnormally high glycolysis 

On rat testis and spleen a fall in respiration is brought about with 
out any corresponding me of aerobic glycolysis. 

No differential action of the effect* of radium radiation 
oould be established between normal and tumour tissues 
while tumour tissue of apparently exactly the same structure 
showed qualitative variations among themselves 

Effects of Radiation upon the Chemical Composition 
of Proteins 

Some acoount of effects of tho action of radiations upon 
proteins considered as coDoidal systems has already been 
given There are also however certain changes sot up in the 
chemical molecule thereby the proteins are rendered more 
aoid in character The general consensus of opinion seems to 
be that this is duo to a ohange in certain polypeptide linkages 
wherebj the group 


— C — N— 

oJ 


is transformed into 
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The sensitiveness of different proteins to X rays in this 
respect is found to vary 

The influence of radiation upon the gold numbers of 
different proteins would appear to vary that of globulins 
was found by Hond to be unaltered, -while that of albumins 
was slightly raised. 

Colwell and Ross (1011) endeavoured bv a quantitative 
application of the biuret reaction to ascertain if any decom 
position was produced bv X ravs m solutions of itte 
peptone The results were in all cases negative Recently 
(1933) the experiment of trying the effect of intensive /3-radia 
tion upon Witte peptone solution was made bv CotwelL A 
2 per cent solution of Witte peptone was prepared, and about 
5 c c placed in a small test tube with a few drops of toluene 
In this was placed a thm sealed glass tube containing 210 9 
mill! cone* of radon. At the same time a control was prut up 
without any radon. Both tubes were kept at room tempera 
tore for a week, after which samples were removed and 
tested. 

The observations were earned out m Is easier glasses 
60 c o of ISaOH solution 0-5 c c of 1 per cent CuS0 4 and 
1 c c of the peptone solutions being taken It was found 
that the irradiated sample was decidedly paler than the 
control. A further test was made using ammonium hydrate 
instead of sodium hydrate The less powerfully ionized 
alkali only appears to attack the more hvdrolvsed con 
stituents in the Witte peptone and care must be taken that 
too ranch copper is not added as then the pink colour doe 
to the biuret reaction is masked bj the deep blue colour 
produced when a copper salt is added to ammonia On try 
mg the experiment with the irradiated and control samples 
of "Witte peptone the results were seen much more definitely 
than when the ordmarv IsaOH-f-CuS0 4 reagent was used. 
Only a small amount of the irradiated material was available 
for tests but speahmg broadly it seemed necessary to use 
about twice as much of the irradiated as of the control speci 
men to produce the same depth of tint 
Of course the amount of /3-radintion used was enormous 
and no inference can be drawn that therapeutic irradiation 
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would have any disintegrating effect on tho n&tivo proteins 
of living cells The experiment is however suggestive as 
indicating that a sufficient intensity of /9-radiation can still 
further split up some of the constituents of Witte peptone 
It further suggests that experimental work upon tho action 
of radiations on some of the synthotio polypeptides might 
indicate points in the various ammo acid linkages which aro 
most susceptihlo to tho action of radiations 

From the foregoing account it will be seen that most of the 
cell constituents are affected physically or chemically or 
both by exposure to X rays or the fi and y-rays of radium. 
The effects produced by X and y-rays are generally much 
less striking than those produced by ^-radiation, but so far 
as can bo ascertained though lees in degree thoy aro the 
same in character Moreover physical chan gee in proteins 
such as alterations in visoooty and diminution of surface 
tension, have been shown by Weis and Thielo to occur with 
doses of X radiation well within tho limits of those used m 
therapy Oxidation processes have been shown to bo modified 
both by the direct action of the radiations and by their action 
upon oxidizing enzymes 

Although the chemical effect upon lecithin and cholesterol 
docs not appear marked it is nevertheless behoved that 
radiation does affect protein lipide complexes and this may 
partly account for the changes whioh will subsequently bo 
described as occurring m the nuclear and coll membranes. 
Indirectly it will also lead to disturbances in tho electrolyte 
equilibrium of the cell and therefore in the various buffer 
s ys te m s which play so large a part in cell metabolism 



CHAPTER HI 

GENERAL EFFECTS OF RADIATION ON CELLS 

Ha nxo given a brief consideration to the essential features 
of normal oell structure and to some of the chief chemical 
effects of radiation whioh appear to have a bearing upon the 
action of radiations on hvmg tissues ve must next proceed 
to the renew of certain general biological findings m the case 
of irradiated cells 

For this purpose two distinct classes of material are avail 
able Firstly there are fixed and stained specimens and 
secondly there are cells examined in the hvmg state usually 
in the form of tissue cultures Though it is perhaps rather 
the fashion at the present time to under-es tima te the value 
of the former the tendency is nevertheless one which I 
cannot help regarding as a mistake Valuable information 
can still bo obtained from preparations made by the older 
methods especially when the findings are correlated with 
the results obtained bv examination of tisane cultures For 
some purposes fixing and staining are essential, and they 
have one obvious advantage over the newer method namelv 
that they permit of the examination of whole organs or of 
embryos at various stages of development Above all, the 
specimens so ob tamed are permanent but at the same time 
adequate controls and the most careful scrutiny with a high 
power are of paramount importance 

We shall therefore in the following account take into 
consideration the effects of radiation as manifested in sped 
mens of both classes it will perhaps add to simplicity of 
explanation if the various units of cell structure are con 
ridered m the same order as they were previously enumerated 
and briefly described 

The Cell Membrane 

Generally speaking references to the effects of radiation 
upon this most important structure are comparatively few 
Most of the earlier investigations were directed to research 
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of the exposure this can hardly be due to autolyma In 
control specimens transfixed •with dummy glass tubes 
similar to thoee used for containing the radon, these appear 
ances were abeent. 



FlO 15. formal r*t liver OH outline* di*tinct- (GUd*tone ) 



Flo 10. Irradiated rmt lira- (radon, 10 ror ) (A) 

OH* *bcr*dng prewire effect* *nd low of cell °ntlme«i (B) 

■preiroen ** prec«lmg. but farther from r^lon tube. CeH ootlioe* mdutioct 
or lort (OUthtooo ) 
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At the least it would appear then that the effect of 
exposure to either \ rays or £ radiation has been snoh as to 
produce sorao alteration in the cell membrane which causes 
definite and consistent changes m the fixed and stained 
specimens 

This vfow is strongly supported by gome experiments 
recorded by Colwell and Thomson (1027) The skin of frog 
tadpoles was selected as the material for experiment The 



Fio 1 Norma] tadpole «kin. Oil CKrtlmea writ m*xtnl 

tadpoles were oxposed to the action of \ rays in shallow 
dishes of water in some cases hydrosola of different elements 
were added to tho water with tho idea that tbo effects of 
sccondan radiation might also bo observed 

hor the«o purposes tho skm of tho tadpolo is particularly 
sultablo since tho epidermis consists of only two layers and 
tho cells are so well marked off from one another as almost 
to suggest tho existence of a cell wall 

Tho source of radiation throughout tho experiments was 
an ordinan medium focus Coolidge tubo excited by an indue 
tion cod working at 2 roillinmpcrcs with a seven inch spark 
gap tho focal distance from the surface of tho water was 
0$ inches 

Exposures were made for hours 2 hours and G hours 
while after radiation some specimens were killed at once 
others being allow ed to survive for different periods varying 
from 1 to “ davs The appearances obtained upon raicroscopi 
cal examination of tho epidermis vaned with tho length of 
exposure with the presence or absence of colloids and with 
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the time of survival In afi the irradiated rpeciriens the 
outstanding ohanges wbw m tho main ntrophio or hyper 
trophie In the accompanying figures Pig liBhonathenonual 
epidermis with the cells distinctly marked off from one 
another Tho nart figure (18) shows the aldn of a specimen 
irradiated for hours and allowed to Bumvo for 24 hours. 



Flo IB Irradiated tadpole •kin, Low of distinction at cell outline*. 


The logs of oeU outlines is very marked and already there 
may be seen the beginning of that syncytium formation 
which is so oharaotcmtfo of specimens wluoh show marked 
hyperplastic ohangee The specimen is of mteroet os allowing 
that the appearance of a synoytium is due not only to naoloar 
proliferation but to elimination of cell ou times Tho nregn 
lariy shaped black objects lying in the conum are pigment 
cells Their fragmentation after exposure to X rays is usually 
a very marked and characteristic feature and it may fairly 
be argued that since fragmentation implies a solution of 
continuity of the bruiting membrane, this has also been 
affected by the radiation. 

When the radiation was carried out in the presence of 
different colloids the main results varied With coppor the 
effect was destructive hero also loss of oell outline was a 
striking feature With silver the initial changes were hyper 
trophic as shown in Fig 10 it will bo noticed that the 
hyperplastic epithelium shows no distinction of cell outline 
and that tho nuclei are embedded in a more or less homo 
gen ©o us syncytium with no individual cell differentiation 

Admittedly tho dose of radiation was far beyond what 
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would be given therapeutically with the trpe of apparatus 
employed- The result does however indicate the direction 
m which the effect of X rays tends A further point to be 
borne m mind is that when the cell boundaries are so altered 
as to cause gross alterations m the histological appearance 
very considerable damage must have been done In a highly 



delicate semi permeable membrane the probability are that 
changes in its physical functions would have occurred long 
before the manifestation of marked changes m its micro- 
scopical character 

It is however unnecessary to labour the question of histo- 
logical evidence sinoe we have abundant chemical evidence 
of alteration in the permeability of the cell membrane in 
the case of red blood-corpuscles This membrane is known 
to have important properties it is normalh impermeable to 
haemoglobin and to ka turns while allowing of the free passage 
of such anions as the chi anon and the bicarbonate ion 
Precisely what deter min es this specialization of function is 
not exactly known undoubtedly the Bonn an equilibrium 
plays an important part the outstanding feature from oar 
present new pomt is that radiation renders the membrane 
permeable to haemoglobm. 

For radiation this was shown as long ago u 1010 by 
L 
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Hauamann, who found that blood-agar was hnemolysed on 
exposure to the /? radiation from radium. The experiments 
were from their oharacter naturally of a somewhat rough 
kind but we have fortunately some more accurate observa 
tions upon the notion of X rays made by Pickering and Collins 
(1923) Human red blood -corpusolefl were employed and 
5 per cent suspensions made in physiological saline solution 
Locke Ringer s solution and in isotonic* gum saline for each 
experiment 10 o a of the suspension were used 

A medium focus Coobdge tube running at 00-125 kv and 
5 milli amperes with a constant distance of 22 cm from the 
surfaoe of the suspension was the source of the X radiation 
and exposures were made for JO, 20 and 30 minutes Crcni 
tion and haemolysis were observed in the suspensions made in 
physiological saline and Locke-Ringer solutions, but haemo 
lysis was only perceptible to the sight after long exposures 
On centrifuging the irradiated specimens and examining tho 
supernatant -fluid by the benzidine test, the presence of haemo 
globm in the supernatant liquid was nevertheless established 
In the isotomo gum saline m odium cremation and haemolysis 
were absent and though in a few cases some of tbo corpuscles 
appeared to be spherical and swollen the majority seemed nor 
mal and rouleaux persisted even after a 30-minutes'expOflure. 

Koch (1027) made examinations of the ohloride content of 
red blood-corpuscles m the human subject after irradiation. 
Twenty oases wore reported upon and the determinations 
made immediately after exposure In all cases there was 
found evidence of water inflow and m the majority of cases 
there was also a chloride migration into the corpuscles 
Qoulston (1032) ooufxrmed the haemolytio action of (3 radis 
tion and showed that there was only alight haemolysis after 
exposure to the y-rays from 120 mgm of radium element 
for 119 hours 

The observed facts clearly point to a disturbance of the 
physical functions of the limiting membrane 

The Cytoplasm and Cytoplasmic Inclusions 
Attention has been so usually directed to tho nuclear 
changes following hra din tion that mention of changes in 



GENERAL EFFECTS OF RADIATION ON CELLS 75 
the oytoplasm itself has perhaps been the exception rather 
than the rule Marked changes can, however Bometimes be 
observed when irradiated tisane is carefully compared with 
controls These can be seen m freshly removed rat s liver ex 
posed to radiation (p 47) Here the cytoplasm of cells in 
the vicinity of the needle track showed a peculiar ground 
glass like appearance which suggested the formation of an 
exceedingly fine precipitate in the fixed and stained specimen. 
The appearance was m marked contrast to that seen in 
the controls The staining was also more diffuse and the 
sharp differentiation between granules and cytoplasm was 
obscured and in some cases lost The granules m the liver 
cells lost their sharp outline and the appearances suggested 
an escape of their contents mto the general cytoplasm 
giving rise to a diffuse st aining with eoain In some cases 
the granules appeared to have visibly ruptured, and in 
others coalesced, while generally there was irregularity of 
contour 

Changes of a similar though much less marked character 
were observed in some of the oeLLs in the caso of gtrongly 
irradiated chick embryos As regards cytoplasmic inclusions 
other than granules the mitochondria and Golgi apparatus 
must next be considered. 

The Mxtochcmdna Niimbcrger (1023) observed a dimmu 
tion m the number and a dumping together of the mito- 
chondria m the irradiated ova of white mice 

ail and Frenkel (1025) reporting on the action of X rays 
upon the mitochondria in the hepatio cells of the frog 
stated that the earliest changes which they observed as the 
result of exposure were in the mitochondria Withm four to 
eight hours after irradiation the mitochondria lost then- 

normal rod like form and showed commencing fragmentation 
mto granules In 24 hours granules were the predominant 
and after 2 3 and 4 days the only forms of mitochondria 
present. The granules tended to loso their original more or 
leas orderly arrangement and to become swollen and vacuo- 
lated These observers especially state that commencing 
mitochondrial changes make their appearance before nuclear 
effects are demonstrated. The exact appearances varied 
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according to the dose of X rays administered and to the lapse 
of tune after exposure 

Ludford (1932) irradiated mouse tumours tn stfu using an 
applicator containing 58 mgra of radium eloment with a 
silver screen of 0 18 mm m thickness, the duration of the 



Fio 20 Change* In rahochoodrl* «ft«r lrT»dmtkm Ormda*l fragment* 
two and wwitnal vacuolatloo. (Lodford, lOt k Scuni Report Imp Cametr 
Ru Fvnd 1W2) 

exposure being one hour Obviously marked /? ray effects 
were to be expected 

The methods employed for mitoohondnal staining wero as 
follows 

The modified Sohndde method (Ludford 1031) staining 
with iron-alum haematoxyhn after bleaching sections with 
hydrogen perondo Also Champ} fixation, followed by three 
days in saturated potassium bichromato solution and three 
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days m 2 per cent osmio acid Staming with iron alum 
haematoxybn and Altmann s aniline aoid fuohsnn 

Irradiation of the mammary adenocarcinoma number 27 
enured the mitochondria in nearly every cell to become 
either granular or vesicular within 40 minutes Hus tumour 
was ono which was not markedly radiosensitive and the dose 
administered was insufficient to cause its permanent regres 
sion The appearances presented by the mitochondria at 
different pc nods after radiation mai he summarized as 
follows 


3fou«e adenocorcmoma 27 (mammary) 

(I) 40 nunu/tt In Kmt cells reduced m number nnd in practically 
all, colli cither granular or veawrular 
(ii) i} hours In almost all cell* granular or vehicular though some 
cells show filamentous forma 

(ih) 7 hours The cytoplasmic organa arc not perceptibly different 
from thoae of the control preparation* 

(Iv) °4 hours Enlargement of cell* has led to an increaao in the 
number of mitochondria, which tend to bo mom filamentous 
than in the control* 

(v) 50 hours Mitochondria tend to bo filamentous and more numor 
ous in tho larger cell*. 

(Vi) 3 days I erj conspicuous and filamentous thu* indicating a 
high degree of motnbobo activity 
(vn) o days Degenerative change* more marked than at 3 days. 

B\ tho sixth da> growth of tho tumour had occurred since 
radiation it was estimated that it had doubled in sue 
Mitochondria were gcncralh filamentous but somo vesicular 
forms were seen tho fourteenth da\ the tumour had 
increased to four to six times its sizo at tho time of radiation 
nnd b\ tho twenti second da\ to eight times that sizo 
Cvtological examination at this stago showed no differences 
between tho mitochondria and those of tho controls 


Sarcoma \o 37 

Tins was stated to bo a rad:o*cn«itivo strain of tumour 
The mitochondria of actirch growing cells are m tho form 
of fine filaments and are spread tliroughout tho cvtoploam 
hut in tho le*s active cell both in nro and in rttro the} 
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tend to be granular and to become coDected around the 
sphere During all degeneration they swell up and finally 
become vesicular (Ludford ) 

(I) 6 hour* after irradiation. The mitochondria tend to become 
granular or nrollen. They are aometimea reduced m number 
(ii) 4 j hour* The mitocbarxiria differ m their form and arrangement. 
In the *m*Jfer cell* they are filamentcm* and granular 
as m the control*. In the la rg er cells they are more 
numerous and tend to be longer •while in the largeat cell* 
they have begun to collect around the central body and to 
revert to the granular form, a condition indicatory of qoiea- 
cence 

(HI) 79 hour* The mitochondria of enlarged cell* are granular or 
vesicular and collected at one aide of the nudeua. They 
sometimes appear to form finely granular bodies scattered 
around the Golgi apparatus. 

(hr) 4 day* The mitochondria show the deg en era tiv e change* already 
described, or have completely disappeared. 

(v) 5 day* At this period degenerative and neerotie cell changes were 
more advanced. Complete regression of thi* tumour usually 
folknr* the dose of radiation administered. 

From these two Bets of experiments ft would appear that 
in lea* radiosensitive tissue the mitochondria though at first 
suffering degenerative changes afterwards assume a normal 
form. In the more radiosensitive tumour just described the 
changes are progressive and lead to disintegration and dis- 
appearance The mitochondria showed progressive degenera 
tire changes 

Some experimental work earned out at the 3IiddJesex 
Hospital in 1910-11 with which Beckton and Russ were 
associated has been bo frequently misquoted that a brief 
reference mar be excusable At that tune the study ol mito- 
chondria was but little advanced and it was thought that 
Altmann a granules — which are probably mitochondria 
might be of diagnostic value in the histological examination 
of malignant or questionably malignant tissues The expert 
ments in question were earned out on tissue after it had been 
removed from the bodv and are therefore not comparable 
with the experiments which have hitherto been described m 
this connexion. Thin shoes of the tissue under examination 
— the spleen liver and kidney of the mouse — were exposed 
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to radon in acme cases the a particles were allowed to act 
while in others they were screened off leaving onh the 
p and -/-radiations It is not necessary to describe the 
experiments in detail here but the oc-partides were potent 
in causing the disappearance of granules normally atained 
by A ltmann s method while when the a particles were 
eliminated exposure to the ft- and y-radiataons did not cans© 
this effect 

This work on tisane removed from the bodi has caused 
the writers mentioned to be mccrrrectly reported as saying 
that ^-radiation was without effect on mitochondria the 
name of which is not even mentioned m their communications 
Ludford s work definitely suggests that in the case of the 
less radiosensitive material the mitochondrial changes are 
reversible while m the more radiosensitive tissues which 
undergo complete regression as a result of the dose of radia 
tion given, they are irreversible and their course is one of 
progressive degeneration 

The. Golfft Apparatus Studies upon the effects of radiation 
on the Golgi apparatus were made bv Ludford (1032) using 
the same material, radium applicator and exposure as m the 
case of his work on mitochondria 

In. a mammary adenocarcinoma of the moose (No 27) the 
cell arrangement is not usually acmar but m places well 
developed acini are present In this case the Golgi apparatus 
occupies a position between the nucleus and the lumen, while 
the filamentous mitochondria are arranged around the nucleus 
more or less vertically to the free surface of the cell. In the 
tumour under consideration the Golgi apparatus consists of 
irregularly shaped bodies either oollected at one side of the 
nucleus or scattered through the cytoplasm In some instances 
they may anastomose and form a reticulate structure The 
individual elements which together form the Golgi apparatus 
have been termed Golgi bodies 

In some cases the cells of this mammary adenocarcinoma 
produce secretion and when this a the case the commencing 
deposition of secretion is seen to be in close association with 
the Golgi apparatus when the amount of secretion is huge 
the mass is surrounded by Golgi bodies In degenerative cells 
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the Golgi apparatus shows varying degrees of degeneration 
and fragmentation. 

The main changes occurring in tho Golgi apparatus of this 
tumour at different periods after irradiation, as given b) Lud 
ford are aa follows 

(I) 40 minutes Tbo Golgi bodies are more rounded and less dmriy 
defined than In the control 

(U) 24 hours Many coll* alien* masses of secretion associated with 
the Golgi bodies jiart a* in non Irradiated control*. 

(Hi) <50 hours The Golgi bodies are gtfll associated with the secretkm, 
but are becoming more granular and fragmented, while they 
alao show a tendency to break away from tho man of accretion. 
(Ir) 5 days The Golgi bodloe are enlarged more granular and 
sharply defined than normal 

(\ ) 6 days Tho Golgi bodies are more rounded and granular 
(vi) 14 days Tho Golgi apparatus fa still enlarged 
(vil) 22 days Tho appearance* are normal 

In tho radioscnsitivo tumour Sarooma No 37 the sequence 
of events is different os may be seen from the following 
summary 

(i) C hours Golgi apparatus shows no change 
(U) 48 hours In aome oeD* tho Golgi apparatus fs enlarged but m 
othera it is apparently unaltered. 

(ill) 79 hours Although the Golgi apparatus may be enlarged, it b 
portly or completely broken up into gnumlos- 
(tr) 4 days The Golgi apparatus bIkjws marked degeneration in 
degenerate ooH% being drmntograted into granules or rodlet*. 

Thus tho influence of radiation upon tho Golgi apparatus 
appears to bo somewhat similar in ebaraoter to that upon the 
mitochondria tho tendency being to granulation and frag 
mentation Tho subsequent oh on gee depend upon the radio 
sensitivity of tho cell in radiosensitive cells tho ohanges 
progress to complete disintegration while in less radlosensi 
tivo oells recovery to the normal form may occur 

The changes occurring in human carcinomata will be 
considered subsequently 

The Nucleus 

The action of radiations upon tho nucleus will bo most 
conveniently described under two headings 
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A The interkmetio or so-called rest mg nucleus 

B The nucleus in mitosis 

A. The tnterhxndxc nude™ The effects of radiation have 
been studied mbo distinct classes of material namely m 
tissues irradiated m the living animal (Ludford 1932) and 
in tissue freshly removed from the body (Colwell and Glad 
atone 1933) — tumour cells in mice (Ludford) and the cells 
of chick embrjos irradiated m oro (Gladstone and Colwell) 
The former of these may have the first consideration. Lud 
ford used the same material and dosage as have been pre- 
viously described (p 70) Dealing with the mouse adeno 
carcinoma bio 27 he save that 

th* aucWs of a typical call contains a relatively large nucleolus or 
plwmcaome This ha* a greater affinity for acid than for basic dye*, 
in contrast to the chromatin proper which stems more readily with 
basic dye* The former is usually referred to as axychromatm, the 
Utter as basichromatm. 

WTim the Fenlgen reaction for the demonstratloo of thymus- 
nucleie acid u applied to the cell* of this tumour granules of chromatin 
give an Intenwh purple colour the positive reaction of this teat 
The I min network is stained light I v purpie but so faintly that if 
sections are count enrtiuned with light green a green colour is then 
acquired The plasmosome either grvea a negative reaction, or ts 
•tinned light lr purple but around its periphery are usually seen 
deeply stained granules, and sometimes a thm, darkly stained shell 
At the early prophase of mltoois the chromosomes are coloured in 
tcn*dy purple The pla*moeome disappears from view the material 
of which it is composed being apparently incorporated with the 
chromownes The latter retain their bright purple colour to the 
late telopha*e until tbo daughter nuclei are formed 

Around areas of necrona m the tumour tbo degenerating cells have 
•linmken nuclei atth uregulsr outline* Shrinkage result a m what 
remain* of the nuclear structure appearing intensely purple Com 
roonly tbo chromatin granules run together to form droplet*, and 
complete confluence of such droplets revolt* in a uniformly purplish 
nuclear remnant Finally cellular disruption remits m purplo- 
»t mned fragment* of irregular shape lymg among the debris of dead 
cells. 

The nuclear changes produced by radiation here described 
are roalnlj tho«c m the intcrUnctic nucleus but references 
are al*o raQdo to change* in the nntotic figures w hen these 
occur in the sections examined. 
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At different periods after exposure the findin gs are stated 
aa follows 

(i) 40 minutes A very few abnormal mitoses are pooh, with chromo- 
*orrvB clumpod togethor as though cell division bad been 
emwtod before completion 



Fia 21 I'idcwal and Irradiated nuclei ( -t boars after irr*t2nf JooJjd 
adenocarcinoma No 27 (Lod/ord) Bo<b atained by Feal*en nx\t**u 
(Ludford 10th Sctent Jttyori Imp Cw*c*r Ru I'tu*d, 1W_) 

(d) 4{ hour* No mitotio figures aoen 

(lb) 7 hours Some nuclei give the bnprwmcn of being almmkon Hi 
compamoo with the controls. 

(iv) 24 hours W ith rare exceptions, mitotio figure* »«> absent. There 
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L an inmaw in the bulk of the nuclei witbont any correspond 
inp increase m the chromatin granule-.. The* me*he* of the 
llnrn network appear dntended. In sect fens counters tamed 
with hght green tho appearance* in some of the cell* give the 
hnprraskm that there a a relative decrcnae in the purple 
•turning constituents of the nucleus and an inoraso in the 
green -staining oleroents. 



Fio NocWr dumtograt Ion three d*r* after Irradiation (adeoocar 

cinoroa No. ■'). (LoJford, /0tA Settni Hrportlmp CancrrF Fund 103—) 

(\)wOJi£>ur* 'vime large nocl 'i pm~ent tbe appearances jetd described 
while others are hyprrchromn tic with a rather close retfculato 
structure atammg a bright purple in tho Fenlgen preparations. 
Mem? cells btc now wen in mitons some are definitely 
abnormal while others do not dhow any difference from the 
control In the Utter case tho chromosomes are normal In 
appearance and distribution, and give o normal reaction to 
leulgen ■ te«t 

{% i) J da /t \t this period the post irradiation dianpes gene ra lly an* 
at a masurium. Manv cells hair attained tbeir max imam 
»ue find tle^enemtivn clianges ore marked \ arUtton In the 
appraraDCsw of cell are nesertbeless trongU marked side 
b% »»t« with cell* » bowing \ct} pronounced degencratne 
changes are otliers of qu te normal appearance Mitosis is 
olismrd in cell of all mn but tl-e mitotic fgures are often 
almorranl Viny> cell are multmucleate Tbe appearances 
ru-gest tlmt in wmo rases aborts* a nutt>i ha. resulted m 
incomplete reparation of <Uu liter cells. \\ th leulgrn pre- 
paration. degenerate* nuclear changes are w*m to con ut 
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ofvucunlatKm which in advanced ctwoa may bo »o marked tbit 
the vacuoles form the predominant feature and the remama of 
the chromatin ore oolleo ted into large grannie#. Tbe appearance* 
atrongly *ugge*t that chromatin has undergone transformation 
mto on achromatic tnbatance, 

(vh) 5 dayt The general appearance* are much as described in the 
previous specimen but an Imprearion is given that there is 
an increase of chromatin in same of the cell*, followed by iU 
disintegration into the achromatic substance of the vesidos. 
Abnormal mitose* occur j the chromosome* ah owing malforma- 
tion, fuaion, failure to become attached to the *pmdle tad 
lagging during the telophase On the other band, normal 
mi tow* are also aoeo, 

(viu) 14 dayt Abnormal mJto*ee continue to be aeen acme tune* a 
large number of chromoeomee is present, and marked degen 
c rati vo change* oocur 

(lx) 22 dayt At thla period after irradiation, the appearance* are 
normal A* mentioned before, the tumour ia non ragman vo 
under the doee of radiation administered. 

In tissue cultures exposed to X rays 1 StrangewayB could 
observe no ohangee in the mterkinetio nuclei of oells irradiated 
for shorter periods, but when the exposures reached 46 
minutes or over, marked changes occurred. The nucW 
become somewhat enlarged and the nuclooli may show in 
addition to an increase of moo irregularity of outline and 
such irregularities of staining as to produce a granular 
appearance At the same time the cytoplasm enlarges and 
becomes less dense and more granular With very length) 
exposures some cells show varied and complex outlines 
followed by fragmentation With lengthening exposures to 
X rays not only are tho changes produced more marked, hut 
greater numbers of cells are affected. 

Tho experiments of Colwell and Gladstone (1033) may next 
be considered. In these the experimental material waa the 
freshly removed liver of the rat taken under tho same con 
ditiona as have been mentioned in tho section on autolyms 
The liver tissue waa thus fresh and at the aamo time its 
removal from the body and the iow temperature at winch it 
was kept during exposure to radiations rondor it probable 
that observed changes are rather of the nature of sample 

1 See p. 01 for details of exposure. 
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physico-chemical actions than o! any response to the radia 
tions by the living cell or due to the combined action of 
radiations and intracellular enzymes 

As in the aatolvns experiments (p 51) the freshly removed 
pieces of Uver after bemg pltmged into ice-cold salme and 
transfixed with the radon tribe were placed in the cold 
chamber for varying period* They were then fixed m Bonin s 



Fin -3 Low pom view ahenrioft loc«l pffret* of exporar® to B-ndutloru 
Tbo Urge o\m]apaea atom the pout too of thnmkm tnbv (OUilstcmo } 


solution and afterwards stained with eosm and bacmatoxylin 
in the usual manner 

The most striking effect of exposure to radon when this is 
enclosed in thin walled glass tubes by which the tissuo is 
transfixed is marked nuclear picnosia In tho vicinitj of the 
active source associated with this arc tho changes in cell 
outlines cvtopln*m and granules to which reference has 
a tread v been made The low power appearances nro shown 
in tho accompanying figure there is of course a certain 
amount of compression in the immedmto neighbourhood of 
the radon tube and this of nceessitr gives ri*o to a crowded 
effect of tho nuclei There are however outstanding and 
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characteristic ohangee in the nnalei themselves which are 
shown m 

1 Staining effects 

2 Nuclear membrane 

3 Nuclear structure 

1 8ta\n\ng effects With the ordinary haematoxyhn stum 
these are characteristic) and different from those seen in the 
earlier stages of autolysis With autolysis nuclear pycnosis 
occurs but the ohromatio material then has a purple tint. 
With exposure to radon without any autolysis the nuolear 
pyonoeis is associated with a peculiar blackish tint which 
has not boon observed under any other conditions The 
appearances are quite distmot from those os used by press arc 
effects due to the insertion of a dummy needio in which 
case the nuclei take on the normal bluish purple stain 
sections of tissue exposed to radon can easily be distinguished 
by the colour of the nuclei when compared with the controls. 
In the immediate vicinity of the needle track praotlcally alltbo 
cell nuolei show this blackening The rone of intense action 
extends approximately to about half the diameter of a fiver 
lobule Outside this area is one in whioh the changes, though 
perfectly definite are by no means so marked many cells 
showing a tint intermediate between the block and normal 
appearances It is worth} of note that all nuolei do not show 
the same degree of change especially just beyond the rone 
of intense action Here while many nuclei show the definite 
blackening the majority are of an intermediate typo while 
some appear porfeotly normal. It will be remembered that 
throughout Ludford s senes of experiments with mouse 
tumour a similar variability in the nuolear reactions was 
noted and the two sets of experiments lead to the con 
elusion that vanationa in susceptibility aro present oven in 
the absence of definite mitosis In the rone of most intense 
radiation however the changes aro uni vorsal . 

2 Nuclear membrane In the rone of moet intense radia 
tion shrinkage and blaokening quite obliterate an} other 
features but whore radiation is loss intenso irregularity' nnd 
thickening of the nuolear membrane are conspicuous 
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3 factor structure ^Yhen nuclear structure is visible the 
chromatin network is less regular while the strands are less 
regular m outline and more deeply stained than normal 
The vaouolation seen m the later at ages of the nuclei in 
Ludiord a specimens was not observed m this senes of expen 
menta as will have been noted this was m all cases a com 
paratrvely late phenomenon. In order to form some idea of 
the length of exposure to radon necessary to produce changes 
m the cell nuclei of freshly removed liver a series of sped 
mens was transfixed with radon tubes (10 mo approximately ) 
these were placed m the cold chamber and specimens removed 
and fixed from tune to time Definite changes were observed 
m specimens removed after two hours exposure and the 
changes increased in intensity with lapse of time The expen 
ments certainly point to physico-chemical ohanges m the 
nuclear substance as the result of exposure to radiation 
(seep 40) 

Gladstone and Colwell (1933) also observed pycnotio 
changes m the nuclei of the tissues of chick embryos given 
massive doses of X raj's (4 P.I) Sa hours ud) The changes 
were not observed in all the nuclei but some appeared to 
react differently from others Thus m the same field and the 
same tissue certain nuclei would ahow varying degrees of 
pycnosis while others were apparently unaffected- Changes 
w ere also observed m dividing nuclei which will be considered 
subsequent Ij 

B The nucleus in mtfom The effects of radiation upon the 
chromosomes of nuclei in active mitosis were so obvious that 
they very early attracted attention- It must not be forgotten 
however that atypical mitoses were produced by various 
tone chemical agents such as chloral hvdrate quinine anti 
pynne ether and carbon dioxide long before the discovery 
of \ rays or of radioactint} (Hertwig 16S7) In view of their 
obvious relations to the therapeutic effects of radiation the 
nuclear changes due to this have necessarily been subjected 
to verv minute scrutiny 

Already in 1903-4 Perthes had noticed abnormal mitosis 
m the ova of -darnm mejafoeepMn a* the result ol radiation 
end extension of his observations to mammalian normal and 
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neoplastic tissue confirmed his original findings Ho concluded 
that nnoloi in active mitosis are hypersensitive to radiation, 
which also causes a cessation of karyokinefiis 

In 1 &05 Beigonid and Tnbondean laid it down as a general 
principle that actively proliferating tissues are specially s en si 
tive to radiations a view which was almost immediately 
confirmed by the work of Regaud and Blano (UXHJ) and of 
Krause and Ziegler (1000) 

A considerable amount of discussion has centred around the 
question as to whioh stage of the mitotio oyde is the moat 
sensitive to radiation the following Table shows tho views 
advanced by a few writers together with the type of eiperi 
mental material employed 


Author 

1 Date 

Most rensiiiv* 
phase. 

Material. 

Tn*«l 

radiation. 

llottimm 

1013 

lletaphaa© 

Aucuii* ova 

Radium p 
and r 

Rogand 

1013 

Fropbaao 

Anaphaao 

Varioua tfauina 
Inclnding neo- 

X-ray * and 
radium 

Holthuaen 

1011 

Hetaphaao 

Aacaris ova 

X raj* 

Alberti tod 
Poll tier 

1025-e 

Metapbaae 

Cornea of *ala | 
mender larva | 

X ray* 

8tnmgew»y» | 
andHopaood, 

mo 

Propbaae 

Tarue culture* 
Choroid and | 
acJcrotw of 
chick ambryo 

R»dium and 

X ray* 

Vintembeigei 

10M | 

Telophaao 

Ova of Bona 
/urea 

X reja 

Love 

1031 

The emotivity 
of m odJ — a 
function of ft* 
displacement 
from maturity 

Ttmao culture* 
Qwaoid and 
aolerotlo of 
chick emhryo 



There is a fairly general agreement that cells in process of 
division are more sensitive to radiation than are cells in tho 
mterlonetio stato Upon tho most sensitive phase of mitosis 
opinions are widely divided In this connexion it may not be 
amiss to point out that the material employed ia very varied 
various types of animal form have been the subject 
experiment Vertebrate and invertebrate hot-blooded an 
cold blooded animals have all been used as well as the para 
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sitic Ascans ora Perhaps during tho actual risible stages 
of mitosis tho sensitivity of the different phases roar vary in 
different types 

Tho experiments upon tissue cultures however pomt to 
tho stages imroediatelv preceding tho risiblo prophaso as 
being tho most vulnerable From general considerations it is 
an experimental demonstration of what ono might roost 
naturallr expect Tho conditions within the coll are m a state 
of temporary mstabllitv while the cell protoplasm normally 
undergoes a diminution in nscoeity This m itself points to 
alterations in the state of tho component colloids and it 
is prccisclj when such a state of unstable equilibrium exists 
that tho ionixing effect of the radiations would naturally be 
most marked 

Considering first tho microscopical appearances of the 
chromosomes when cells in a state of mitosis are irradiated 
clumping fragmentation and irregular dinsion and distnbu 
tion are tho outstanding features These forms of irregularity 
are veil shown in tho accompanying figures from A lot tram s 
article His general conclu ions from his experiments are ns 
follows 

1 As the result of tho action of plus y-rays from about 
seven milligrams of radium bromide there occurs a 
disturbance of normal growth 

2 Tliis disturbance of normal growth is more marked if 
tho cells during irradiation are in nctiro division. 

3 Tho dividing ora of A«cons are at least eight times ns 
vulnerable as the non-diriding orn 

4 Tim mo't vulnerable stage in tho division is the metn 
plmre 

P nnd y- irradiation is followed In profound nuclear 
changes n fleeting the chromatin nnd such changes 
though prevent arc le^s marked if tho cells hnvo been 
irradiated in n non-dividing condition 

Reference lias alrcadv been mndo to tho verv similar 
rCMtlls obtained by other workers 

1 or the purpose o! examining the action of radiations 
ujKin tlm cells of w arm blooded vertebrates nnd to chromate 
such variables as blood and lymph rnpplv possible nerro 
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influence* and the possible presence of antibodies 8trange- 
ways m 1920 began ha studies on the action of radiations on 
tissue cultures 

The earliest of these were earned out upon the action of 
X rays on tissue cultures derived from the choroid of the 
chick embryo and the articular cartilage of the adult fowL 
For the purpose of irradiation the following experimental 
conditions have been thus given by Strangewaya 

The culture* are expoeed at a temperature of 37* C to a beam of 
X-ray* j a 1* mch cofl i* used with a spark-gap of 8 cm, and a gas 
tube with a current of 1 milliampere The culture* are placed at a 
distance of 24 mi- from the enticnthode j the do*e i* regulated by 
varying the length of the exjxwure Under these condition* the m 
indent beam is of such an intensity that 1 t (Frwdnch) » given per 
mm ute Four cultures are exposed simultaneously and m this way 
change* noted m one cen be controlled by comparison with the 
other three The culture* are returned to the incubator for 80 minute* 
before fixation and staining Any tissue* may be used, but the present 
writer 1 usually employ* the embryonic choroid and the adult articular 
cartilage of the fowl. 

The ohanges observed vary a* would naturally be ex 
pected with the duration of the exposure 

Fir* mxnult* exposure Here the only observable change wa* a 
diminution m the number of prophase figures. Moot cells already 
m prophase complete their drvmnn normally 
Ten mutate* expoeur* The number of cell* showing late phases of 
mitoaia i* dunmahed. Definite changes appear m the chromo- 
somes from metsphase onwards, and become more pronounced as 
the penod of exposure Is increased. Some chromosomes show 
vmneosity and fragmentation and granulation may follow When 
anaphase is reached the abnormal chromosomes divide unequally 
so that one daughter cell may rece iv e more chroma tm. than 
another 

Fifteen minute* expotun A lag m division is commonly seen in col 
tore* which have been exposed for fifteen mmut« or more. The 
metaphase may persist for one hour or more and m anaphase 
the chromosome* pass towards the spmdle so slowly that the 
telophase is well advanced before the poles of the spindle are 
reached, so that anaphase and telophase are thus merged Into 
a (ungle stage The daughter chromosomes also show a lack of 
synchronism m their separation so that granule* and fragments 
of chroma tm maj be *eon lying on the spindle threads when 
cell division is nearly complete When the daughter nuclei are 
1 he Strsnpnray*. 
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cornploted these chromatin fragments oro either left in tl» 
oytoplnam or extruded from the oell Tho end result is the pro- 
dootion of apparently normal daughter cella, but in some case* 
one oell may bo larger than tho other 



Fio 15 Ctell* frotn tissoo eultorcs, show ing Dormal cell dirWon. (fitranJC' 

way*, IHttw Culture, 1914 ) 

Bmuoleated cells have been observed to arise from a bn or® 
abties in tho telophase These abnormalities mi) be of three 
types 

1 Tho daughter colls when almost distinct reunite to form 
a single binucleato ooll. 

2 Tho cytoplasm dindcs into two unequal portions one 
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of which contains both the nuolei and forms a bmucleate 
cell The non nucleated fragment disintegrates 
3 The processes of cell division are bo altered as to disturb 
the normal separation of nuoleoplasm and cytoplasm 



Fia 28 OH* from t«m culture*, thcrwmg alteration* do© to irrmdMtwo. 
(8tr*ngtr*-»j», Tun* C mil art 1 ) 

The nucleoplasm separate? out into two or more portions 
and bi or even multmucleate cells are the result 
Strange ways also employed a source of greater X mv in 
tenfitj with a yiow to obtaining heavy dosage with brief 
exposure For this purpose he employed a standard Coohdge 
tube through which a current of 2 5 milliamperea is passed, 
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with an alternative spark-gap of 15 cm. and the cultures are 
placed at a distance of 15 cm from the antioath ode In 
order to determine the existence or otherwise of a latent 
period before the changes already described manifest them 
selves four cultures were exposed simultaneously after whioh, 
two were fixed and stained at once while two were returned 
to the moubator for such period as might be necessary 
It was thus shown that there is a latent period of from 
15 to 20 minutes before alterations due to irradiation become 
visible 

A very important observation is the following 

In all culture* In which the do*o given i* rufficient to effect change*, 
it i* found that individual cells aherw marked difference* in their 
reaction to the influence of X ray* — indeed, no two cell* can be *aid 
to respond in a precisely similar wmy Hue difference in reactioc a 
found to be due in part to inherent physiological difference* in the 
cell*, and In pert to the fact that the oeUa are In different *tagta of 
growth and mito*u at tho time of expoaure 

This variability in sensitiveness or reaction to radiation, 
on the part of cells isolated from the influence of blood and 
lymph-supply or nerve oontrol is very striking and sufficiently 
indicates the complexity of the problems attending the there 
peutio radiation of neoplasms m the body How fax the »en« 
tiveness to radiation depends upon the exact stage of mitosis 
is as wo have seen still a debatable point but premitotic 
and mitotic ohanges are themselves associated with physical 
changes m the cell and it seems in the nature of thing* 
probable that it is Just at times of physical instability 
that the action of auch agents as radiations will be most 
marked. 

In the experiments of Colwell and Gladstone on the action 
of /^radiation upon hver cells removed from tho body and 
kept at 0 C differences in nuclear stai n m g were noted 
outside the rone of intense radiation immediately surround 
mg the radon tube Some of the cells showed marked pycnostf 
and the peculiar blackened appearance characteristic) of nuclei 
exposed to intensive radiation while others appeared more 
or less normal. It does not seem likely that at 0 C — and the 
hver was plunged into a large volume of ice-cold saline im 
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mediately after removal from the body— active mitosis -would 
be proceeding in ma mm alian cells and therefore aa already 
said the changes observed seem to be due to a physical or 
physico-chemical sensitivity The existence of this of course 
depends upon the condition of the various cells at the tame 
the tissue was removed from the body and affords oorro 
bo ration of the remark of Stranger-ays that no two cells can 
be said to respond m a precisely similar manner 

SubcullitrM after irradiation Subcultures from cultures 
whioh have received heavy doses of X radiation — 300 e to 
700 e (Friedrich)— show hypertrophy of non kmetic cells 
bipolar and multipolar mitoses and bmuoleated and multi 
nucleated cells in some of which as many as twenty nuclei 
have been counted Cells undergoing multipolar mitosis may 
give rise to raultmucleate cells 

The experiments upon the action of radium radiations 
begun bv Strangeways (1024) have been continued by his 
successors Irradiation waa mainly carried out bv means of 
two radium plaques containing 300 mgm and 100 mgm of 
radium element respectively Exposures were made in a 
specially designed radium lantern and stringent precautions 
taken to maintain a constant temperature throughout the 
experiments 

With small doses of y- radiation (100 mgm Ra element 
filtered by 0 o mm platinum at a distance of 1-4 cm from 
tho culture) there was found to bo a fall in the number of 
cells starting mitosis soon after the beginning of the exposure 
This was followed by a return of mitosis after removal of tho 
radium W ith increased dosage of radium abnormal mitotio 
figures began to appear similar to those described when the 
effects of \ rays were under consideration 

Alterations in tho form of tho chromosomes during mitosis 
and irregularity m distribution to tho daughter cells render 
it hardly possible that there latter can be m all respects 
normal even though at the outset they may not show marked 
abnormalities So long ago as 1014 Bores! suggested tho 
probability of such cells showing deficient viability and that 
it mitosis occurred subsequent generations would soon ccaso 
to live 
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Ludford (1930) oonfinned the work of previous observers 
by showing that when tumour oclfs were irradiated tn taro 
the wave of mitosis following remoral of the radioaotive 
source was accompanied by marked abnormalities in the form 
and disposition of the chromosomes. 



in k control culture of the eeroo igo. (Canti, Ada mdicJopicu, 1919.) 

In attempts to produce an immediate lethal effect by radia 
taon, bo that no cells in a tissue culture afterwards entered 
into mitoeis it was shown by Strangewnys and Hopwood 
(1D20) that 17 000 t (Fnednch) units were necessary In the 
case of X rays As this corresponds approximately to 100 
erythema doses it clearly falls outmdo the limits of tolerance 
exhibited by the human subject A similar result was recorded 
by Spear for the y-rays of radium 

It has accordingly been held by many that doses of radia 
tion of the order used in therapy produce their action by a 
delayed effect m which case the dose of radiation affects 
mitosis so as to give nse to a line of cells of low vitality 
which die out in one or two generations 

The fall in mitoses resulting from irradiation and the 
subsequent recovery are shown in the accompanying graph- 
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The mitoses occurring after exposure are either themselves 
abnormal or give nse to abnormalities in. the subsequent 
generations 

Cant] and Spear (1927) using the diminution of the number 
of cells in mitosis as indicator concluded 



Fio iS. Grmph »bcnnns the tfftc t of v*rying the dutu** 
of tb**ourr<>of r*di*llonLn munbwof «Uj in nutoiU. (Canti, 

Ada r&ltol&jwi 10^9 ) 

1 That there is a threshold of intensity below which no 
effect is obtained however long the radium is left in situ 

2 That there is a threshold of time for each intensity 
which must be passed before the effect is obtained 

Bv varying the distance of the 100 mgm radium applicator 
(filter 0-3 mm platinum) tho intensity of radiation could 
be varied m the accompanying curve the numbers of cells 
in mitoses are plotted against the time of exposure and 
distance The initial nso and subsequent flattening out of the 
curve are ver\ distinctive 

Spear (103*) working with tissue cultures found that if 
tho dose were divided ita effect was greatlv enhanced much 
more effect was produced than if tho same intenmti of radia 
tion had been administered m a single dose In Spear s work 
quite short exposures nere given eg 2 5 minutes thus 
when 100 mgm of radium arc used two irradiations each o! 
2j nnnutes duration have a much greater effect upon 
mitosis than a single exposure of five minutes Tho effect of 
the divided radiation was of tho name order as a single 
o 
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irradiation of 2 5 minutee with 300 mgm of radium This 
interval of 80 minutee between the irradiations was found to 
bo the optimum, an interval of 100 minutee being much less 
effectual With repeated exposures to 300 mgm Ra (0 5 mm 
Pt filter) at 0 5 cm distance it was found that 24 exposure*, 
eaoh of 2 5 minute* eoparatod by 80-rainute intervals (total 
exposure <= Z hour) produced a delayed lethal effect equiva 
lent to that following a continuous irradiation of 4 5 hours 

Eidinow and Mottram (1031) showod that Jensons rat 
sarcoma is slightly more sensitive to divided than to oon 
tinuous y-radiation of the same total duration. Hero how 
ever, the intervals between the exposure* were measured in * 
days 

Spoor (1931) showod that when tissuo oulturea are exposed 
to radium at 1-day intervals it is immaterial whether a lethal 
do*o of radiation is given in one do*e of 0 hours or in six 
equal fractions of 1 hour at 24 hourly intervals 

Referring to experiments with tissue culture* Spear 
remarks 

Tbo present work iraggwta, however that, at any rate with tfwuo 
culture*, effective use may be made of quite ihort expcmim to rm ilium, 
if the dene la frequently repeated at suitably abort Intervals, which 
can be measured In minutee. 8Inco with such an arrangement of 
cl caffs ere not prevented from entering mi tod*, successive 
g ro up * be Irradiated in the premJtotto aendtivo stage until tbe 
whole culture bocomea degenerative. 

Some work by Mottram (1030) upon non -disjunction of 
chromosomes m DrosophUa is of special interest in connexion 
with what has already boon said regarding tho action of 
radiations in interfering with the ordinary oxidative and 
respiratory changes in cells He found that tho occurrence 
of non -disjunction in DrosophUa is greatly increased by 
subjecting nearly hatched females to the y-rays from radium 
In a later communication made in the same year ho found 
that the exposure of female files before fertilisation to carbon 
dioxide increases the occurrence of non-difljunctfon and 
probably of gynandromorphism Exposure to ^-radiation 
from radium like exposure to y-rodiation greatly increases 
tho occurrence of non -disjunction 
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Collagen Fibres 

In addition to the effects of radiations upon cell structure 
must be mentioned their action upon collagen fibres A 
characteristic example of the swelling occurring m tissue of 
this type is seen in the accompanying figures which show 
the swelling produced by irradiation m the collagenous 
elements of a sarcoma of the abdominal wall in a bitch fLacas 
aagne and Monod, see p 101) Wolbach (1025) m his analysis 
of the histological changes occurring in radiation dermatitis 
regards alterations in the collagen elements of the subcu 
tan ecus tissue and blood vessels as very materially contribut 
mg to the lesions which occur and indeed states that 
collagen changes precede changes in the epidermis By t h is 
we suppose he means more or less obvious low power oh&ngee 
since nuclear changes can be observed directly after a radium 
applicator has been removed. 

Wolbach began some observations on the alterations in the 
power of collagenous tissue to imbibe water aa a result of 
radiation, and received the impression that this was increased 
so far as I am aware the experiments were not completed 

From the work of Lacassagne and Monod (1922) Wolbach 
and others it is obvious that post radiation changes in the 
collagen elements whether of normal or of neoplastio tissue 
must have very marked effects upon the structures m which 
they occur 

Thus far an account has been given of the main actions 
of radiations upon some of the chemical substances which 
are known to be most intimately connected with cell struc 
tore and it has been shown that all are more or less affected 
bv exposure Similarly the various histological elements 
which make up the cell have also been seen to be more or 
less severely affected by radiation. Up to the present time 
comparatively little attention has I think, been given to 
alterations in the cell and nuclear membranes but it seems 
to mo highly probable that these may be of fundamental 
importance Osmotic relations play the chief part in TTIRTn 
tabling the system of electrolyte equilibria which is respon 
slblo for the maintenance of those buffer reactions so 
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essential to ordinary life processes particularly those of 
respiration and it must be borne m mind that obvious as 
are the histological changes seen m cell and nuolear outline 
as a sequel to irradiation changes in physical properties and 
functions may have taken plaoe long before any suoh gross 



FiO to To *bow effect* of redrmtion upon collagen fibre*! 
Control. Compere fig 30 p. 101 (Leceerngne end Mmod, 
AreWre* dt VlnMitut du Bodtvm.) 

anatomical lesions are manifest. Alterations of this character 
probably ooour early and are of wide-reaohing importanoo. 
As has been seen, they appear to bo of suoh a nature os to 
increase permeability thereby influencing to a marked degree 
not only the electrolyte oontont of the oeHs but also outo- 
lytdc processes by facilitating tho removal of autolytio pro- 
ducts It may be added that confirmation, of the post- nulla 
tlon changes in cell outline has boon given by tissue culture 
experiments exammod m ctpo The changes observed in 
fixed and stained specimens are thus substantiated beyond 
doubt and the question of artefacts docs not come in. Indeed, 
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the constant occurrence of change* in nuclear membrane and 
cell outline winch are Been m irradiated material bj whatever 
method it » examined, points conclusively to more or lees 
profound physico-chemical alterations 


LiO>V 






->£S 

Flo 30 To abov rfftti of i»df«boo upon eoIl*£en fibm 
Insdtated. (L«c**»ftgne and Mcmod, Ank rr»d*Vlnsittuldu 
Rod *m ) 


The constant occurrence of the blackish coloration seen 
m the nuclei of epecimens exposed tn vitro to intensive 
^-radiation and stained by haematoxylm is at least suggestive 
of primary chemical cliange ^batever methods of fixation 
mav have been adopted. 

In the chemical section it was shown that not only do 
the protems undergo change* when considered os physical 
systems but thev also as a result of intramolecular change 
undergo a change m their reaction, becoming very definitely 
more acid m character This m itself would tend to increase 
sutolysis in an injured cell and thus to facilitate its riimn 
tegration and removal. 
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As regards cell inclusions the mitochondria bavo been 
seen to be remarkably sensitive to the influence of rack* 
t«nis of their great importance to the life of the cell there 
can bo no doubt -whatever, whether they be connected u 
many hold with oxidation processes or with the general 
main ten on oo of cell functions Suoh cell inclusions as drop- 
lets and granules also show marked changes after radiation, 
of which irregularity of outline and coalescence to form 
larger droplets and granules are perhaps the most prominent. 
In cells which normally secreto mucm tho effect of radiation 
is uncommonly striking and is well seen in the intestinal 
epithelium Twenty four hours after oxposuro to radiation 
suoh cells in the intestine of tho rat can be seen to have 
undergone practically complete mucoid change with rapture 
towards the intestinal lumen Keratinizing oh anges also seem 
to bo accelerated by exposure to radiations and indeed it 
does not seem too muoh to say that any prooesa of proto- 
plasmic degeneration which Is moro or less normally present 
is aocentuated by irradiation. 

Of glutathione oxidizing enzymes and oxidation reduction 
phenomena mention has already been made All are pro- 
foundly modified by exposure to fl- y- and X rays Suoh 
-primary action as may be oxertod by the ray's themselves 
will undoubtedly be affected by alterations in electrolyte 
equilibrium due to oh anges in the cell membrane 

In this connexion it may be suggested that the efioct of 
radiations upon films both of simple substances and of suoh 
artificial complexes as may most closely resemble somo of 
those occurring m the body would bo a profitable and in 
teres ting subject of research 

The reason why ^-radiation has suoh an intense local 
destructive effect should be sufficient] v obvious every cbemi 
cal constituent of the cell is more or less altered and in the 
immediate vioinity of an unscreened radon seed there will 
be the local formation of hydrogen peroxide and possibly of 
other analogous substances Every structural unit of the 
cell is more or less injured bo that cell death and tissue 
necrosis aro all that can be expected With the y- and X rav* 
— especially with those of shorter wave-length— the change* 
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are more gradual and less indiscriminate we hare here agents 
which are under the operator a control by careful adjustment 
of dosage both as regards time and intensity The main 
problem of radiotherapy is to adjust thee© factors so as to 
produce the desired result As regards the physical side of 
dosage it may fairly be said that our knowledge is good as 
regards the biological effects of these physical doses a vast 
deal has yet to b© done. 



CHAPTER IV 


THE RETICULO ENDOTHELIAL SYSTEM AND SOME 
IMMUNITY REACTIONS 

The reticulo-endothelial system is generally regarded ai 
being specially concerned with the defence of the body 
against hying and non living tono agents, either by the 
process of antitoxin formation or by pbagooytoms The term 
was first introduced by Aschoff in 1924 as a collective name 
for a system of cells distributed throughout the body and 
specially demonstrated by methods of tnlra xnlam staining 
When carmine is injected intravenous!) It is found that the 
dye is absorbed by 

(а) Special cells of the spleen pulp 

(б) Certain branched cells of the bone-marrow 

(c) The Kflpffenr cells of the liver 

(d) The reticulum cells of the lymph glands 

(e) The interstitial cells of the testis 

The typical endothelm of the bood vessels remain unstained, 
and partly at any rate on this ground the name has been 
adversely criticized by llarimow He adhered to the selec- 
tive retention of injected colloids as a criterion of the cells 
composing the system as a whole and according to him the 
chief elements were located in the following situations 

1 Resting wandering cells 1 (olaamatooytes adventitial 
oells) of the loose or dense regularly or irregularly 
arranged connective tissue and the serous membranes 

2 The reticular cells of the lymphoid and myeloid tissue 
and the red pulp of the spleen. 

3 The squamous cells lining the 1 vmph sinuses In the liver 
marrow and spleen. The Kiipffer cells in the liver and 
some cells in the walls of the venous capfflanee in the 
adrenals and hypophysis cerebri. 

It thus specially differs from other organs of the body in that 
the component elements are not aggregated into a tingle 
1 Rrating wrodmng c*Da. Tht» p*r*do»c*I -looking term ia tti*t xmM 
m *r\ er*l plarra br Man mow m hu article in Cowdry a SptcM Cytt&oft 
The term qm tt ean l wandering erfls ta aJao turd. 
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organ, but distributed more or less throughout the body 
The view that certain cellular elements of the loose cornice- 
tire tissue form part of a widelr distributed system was 
first put forward by Goldmann 

The cells — or certain of them— would appear to be capable 
under different circumstances of remaining fixed or of amce 
bold movement The terms histiocytes 1 and macrophages* 
have been used to describe them especially when in the 
amoeboid state Tho destruction of effeto blood corpuscles 
is behered to be one of tho fimobons of this widely spread 
system which is responsible for the formation of bilirubin 
the Iron free pigment isomeno with haematoporphynn Effete 
cells and bacteria are submitted to the process of phago- 
cytosis Landau and Mc2see (1014) consider the reticulo- 
endothelial metabolio apparatus as intimately connected 
with the formation of cholesterol. It should be mentioned 
that in different situations the macrophages or histiocytes 
show more or less typical structural differences and that 
their microscopical appearance is greatly influenced by their 
functional condition and whether they are fixed In position 
or amoeboid and wandering 

The effeot of tho action of radiations upon this widespread 
system with its varied functions especially those of protec 
tion Is obviously a matter of great practical interest 

The Effects of Radiation on Antibody Formation 

Almost a a soon as the A rays were discovered it was 
suggested that fn virtuo of them penetrating power they 
might bo mod therapeutically to influence deoply seated 
pathological processes more especially pulmonary tuber 
culosis Tubercle bacilli themselves were exposed for long 
periods without am apparent effect and tho general con 
sensus of opinion was that as a therapeutic agent in the 
treatment of pulmonary tuberculosis \ ravs were of no value 
In guinea pigs inoculated with tubercle bacilli and subso 
quentlv treated with \ ravs tho find mgs were discordant 

1 HtrtiocjU- njMun (Ktjocv 1014), 

’ to d*jtinf?m#h tbrra from mkTopb*£r*, or polrmor 

pboow-Wr t-oror) lot. 
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some observers found that tho normal fatal issue was retarded, 
others that it was acoeJeratcd In the case of tuberculom 
lymphatic glands — e.g those of tho nook- — ohemioal evidence 
showed that in a large number of oases beneficial results were 
obtained and it was early recognized that these were almost 
certainly not due to any lethal notion upon the baoilli them 
selves A largo number of cases showing localized pyogenic 
infections were treated often with markedly beneficial results. 
The lack of any accurate system of dosngo was an obvious 
disadvantage when attempts were made to establish any 
systematic method of treatment Localized cutaneous pyo- 
genic infections such as fonmonlosis and suoh conditions as 
paronychia were the most favourable cases for treatment 
it woe, however noted that tboy gave a bettor response when 
they were treated at an early stage For some twenty years 
this more or less haphazard empirioal therapy was practised 
with varying degrees of suoooss but m 1015 Heidenhain and 
Fried wore led to undertake a systematic research upon the 
subject The investigation vhioh lostod for ten years wu 
suggested by two accidental observations Two oases of post 
operative suppuration of some montlis duration were sub- 
jected to X ray examination by screening and skiagram To 
tho surpnso of those concerned tho suppuration mysteriously 
disappeared after the X ray exposures Tho results of those 
investigations were published in 1924 and were found to 
concur with thoeo of Holzkneoht and Pordes who hod been 
investigating tho question independently It wns found that 

1 In about one third of the cases tho Inflammatory process 
was markedly shortened sometimes ovon u> a men 
fraction of its normal duration 

2 In about ono-tliird tho disease ceased rapidly in about 
twenty four to forty-eight hours practically by crisis 

3 In the remaining third there was either slight improve- 
ment or complete fail arc 

The essentials of successful treatment as outlined by 
Holzkneoht are as follows 

1 Dosage. It is essential that tho doeo given should be 
small As estimated on Holzkneoht s dosimeter ecalo dosage 
falls into four groups 
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(d) Highest doses 8-15 n (sometimes exceeded for akin 
carcinomata where the normal akin tolerance is not 
considered) 

(6) Medium doees 5-7 H. 

(c) Small doses 2-4 H 

(d) Minimum doses 1-2 H 

It was the last or minimum dose administered through 
0-6 mm of rin n brass or copper that gave the best results 
m coccus infections 

2 Ttme of dost. The best results were obtamed when the 
condition was treated in its early stage. 

Serological examination showed that there was an increase 
m the bactenolysm content of the blood of patients after 
irradiation. Pordes considered that the effects were due to a 
destructive action of the small doses of radiation upon the 
highly sensitive leucocytes whereby antitoxins and bacteno- 
IjTiinfl were liberated. 

Before the publication of these results a good deal of work 
upon the action of X rays on antibody formation and allied 
problems had already been carried out Benjamin and Slaka 
(1908) found that in rabbits exposure to X rays before the 
injection of ox-serum diminished or abrogated the formation 
of specifio preoipitms and at the same time they found that 
there was a delay in the disappearance of the antigen from 
the blood of the irradiated animal If the radiation was given 
four days or so after the injection of the antigen (ox -serum) 
it was without any obvious effeoi upon precipitin formation. 
The experiment obviously points to the conclusions that 

(а) If radiation is earned out before the injection of anti 
gen, the mechanism whereby the antibodies are formed 
is either inhibited or completely thrown ont of action. 

(б) Within the doses given, radiation is without effect on 
the already formed antibody 

(c) The means by a hich the antigen is removed from the 
blood is impeded m its notion. It is now considered 
that it is the reticulo-endothobal system by which the 
disappearance of antigen from the circulation is effected. 

Ldwen (1009) found that the formation of specific bacterial 

agglutinin and bactenolysm was restrained in irradiated 
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an t in ala but that no notion was produced on the agglutinin 
in the blood of normal animals or on typhoid agglutinin 
exposed to X rays tn vitro 

The effects of X radiation upon the oocurrenoe of anaphy 
laxis in guinea pigs was studied by von Hednrioh and ha 
conclusions were given as follows 

1 Animals to which a single erythema dose had been given 
soon after the preliminary injection reacted much less 
severely on subsequent injection than did oontrol 
animals 

2 Passive anaphylaxis could not be produced by inject 
mg the serum of irradiated guinea pigs soon after the 
injection of the antigen. Prom this it was concluded 
that the aotaon of X rays as seen in (1) is to interfere 
with the production of the body upon which anaphy 
laxis depends 

3 In animals which received the second injection of anti 
gen some six weeks after the first injection (which was 
immediately followed by X radiation) the symptoms 
were exceptionally severe It was suggested by von 
Heinrich that the phenomenon might be due to the 
retention in the body of the antigen in an available 
form so that when regeneration of blood and lymph 
tissues set in after the irradiation specific antibody was 
produced. It was pointed out by Hektoen that this 
was in accordance with tho observation of Benjamin 
and Sluka of the persistence of the antigen in the circa 
lation of irradiated animals 

The earlier work upon the relations of immune- body forma 
tion and X rays was largely based upon the view that leu 
cocyte destruction caused the liberation of antibodies Lfiwen 
■was unable to obtain any definite evidence of tho liberation 
of endoleuoooytic enzymes after the destruction of leucocytes 
by X rayB but he did find evidenoe that the resistance of 
the experimental animals was diminished 

Murphy and Ellis (1B14) found that both normal and 
splencctomized mice upon exposure to X rays a ore rendered 
more susceptible to bovine tuberculosis than non irradiated 
animals 
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Hcktoen earned out an extended research upon these 
subject* the first publication of which was made in 1916 
As expe rime ntal animal* he used m the first instance white 
rat* weighing from 00 to 60 grams The antigen used wo* 
sheep b blood and the specific antibody investigated was the 
haemolysm for sheep s red blood -corpuscles 1 In this senes 
oi experiments a current of 4 milhamperes was used in the 
seconder} the spark-gap was 6 inches and the distance from 
tho tube to the rats was 18 inches The duration of exposure 
was 8 minutes 

Hcktoen s mam conclusions mar be summarized as follow* 

1 Bcpeatcd exposures to X rays after mjection of the 
antigen do not markedly interfere with the production 
of lysin when the exposures though sufficient to lower 
the Ieucocyto count have no definite ill effect upon the 
health of the animals 

2 When the X ra\ exposures are begun some days before 
the injection and continued so that the leucocyte count 
i* markedly diminished for 16 to 20 days after the rnjec 
tion of antigen the formation of I yarn is markedly 
reduced This maj occur without much obvious effect 
on the general health of the animal In these animals 
the spleen lymphatic tissue and thymus were markedly 
reduced in size and the bone-marrow was affected In 
the blood the proportion of granular leucocytes was 
raised but there was a general leucopenia 

3 A single prolonged— and eventually fatal — exposure to 
\ revs given iramcdfatel} before the injection of anti 
gen ma-s prevent tary lymin formation for about 8 day* 
or the 1pm mav be produced after a protracted latent 
penod of about 20 dava 

4 Tho results harmonize with the view that antibodies are 
produced w tho spleen lymph glands and bone-marrow 
ns there suffer most from exposure to \ rays 

Three years later (1018) Hcktoen contributed a further 

paper upon tho effects of \ radiation upon nntibod\ forma 

tion when it fs in full program i e a few days after tho 
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injection of the antigen As ft was necessary to employ 
annnalB of such a mzo tlrnt fchoy would stand repeated bleed 
ings dogs of a few weeks old and rabbits weighing about 
1 kilogram were chosen A Coolidge tube working at 5-5 
milliampcres with an 8- in oh spark-gap and a focal distance 
of 8 inohes from the irradiated animals was used as the 
source of radiation. 

Exposure of these rabbits and dogs to X rays at about 
the same timo as the antigen 1 was mjeoted showed that it 
may inhibit the production or reduoo tho amount of enti 
body just as in the experiments upon rats to which reference 
bos just been made If, on the other hand X radiation h 
deferred until antibody formation is well established it 
appears to hare little or no effect upon tho amount of anti 
body in the blood. 

In addition to this Hektoen observed t^hat dogs irradiated 
in the full tide of antibody production seemed to hare then 
resistance to the notion of the mya very decidedly increased 1 
Exposure* of 15 to 20 minutes were given with but little 
obvious effect Hektoen remarked nevertheless that a great 
deal more work would be needed before any definite con 
cluHions oould be drawn. 

In 1920 appeared a further paper by Hektoen and Corper 
in whioh experiments upon the influence of injections of 
thorium X on antibody formation was doecribcd Biologioal 
research upon tho effeots of thonum X dates from about 1912, 
and in tho following year Lippmann and PJesoh showed that 
the complement was unaltered in the blood uf animals 
injected with thorium X, even though the doao had been 
sufficient to destroy practically all the circulating Eucocytos. 

Frunkel and Gumpcrt* (1914) found that thorium X bad 
very little offcct on tho production of typhoid agglutinin 
oxcopt when very laigo doses were given. 

Corpor (1919) found that one half the Jotbal dose of thorium 
Y injected oither seven day’s before or coincident ly with the 

1 Th© antipini uaed in tho eaae of tho dog» w*a rat* or foot* blood; In 
the c*ae of rabbit*, sheep ■ blood. 

• It mu obwiod by Laaaoo (10*0) that the dan tolerance waJ t**c* 
In caaoa of dermal infection by coed (It&dtol+jy \ ) (111*0), 103) 
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pnm&ry or secondary injections of antigen had no effect 
upon the anaphylaotio reaction m guinea pigs He had 
pnmoualy (1918) shown that injections of thorium X pro- 
duced no alteration m the normal course of experimental 
tuberculosis m the same animals 
Hektoen and Corper (1920) m the study of the effects of 
thorium X on antibody production, used rabbits as the 
experimental animals sheep b blood as the antigen and the 
resulting precipitin and haemolysm aa the antibody for 
investigation. It was found that m rabbits treated with 
thorium X in the early stages of antibody formation the 
precipitin might he reduced in amount even though no 
definite changes m the leucocytes could be seen. If the 
injection was made when antibody formation was well estab- 
lished no effect upon precipitin formation was noticed The 
effect upon the production of haemolysin was uncertain 
and herein the action of thorium X differs from that of 
benrene 1 and X raj’s whioh cause definite inhibition of 
haemolysm as well as of premptm. 

Corper and Chovey (1921) found that mice injected with 
thorium X showed a great increase m their susceptibility to 
pneumococci and haemolytic streptococci as was shown by 
the greater seventy of the symptoms their fatality and 
earlier appearance together with the fact that the injected 
micro-organisms persisted longer m the blood of the thorium 
X injected animals 

It may be mentioned m this connexion that the comae of 


experimental tuberculosis in guinea pugs appears to be on 
influenced by the administration of leucotono agents (Corper 
1918 Hebert 1916 1919 1918) 


Hektoen and Corper (1922) on injecting the active deposit 
from radon (of the order of 8-10 me per 1000 gram body 
weight) mto rabbits and using sheep a blood as the antigen, 
found a diminished production of haemolysm but o less 


marked change m that of precipitin. 


It had been ■Wn by Ming (ZuyUr t Bttfn Iff*. 01 (1911), M7) that 
injection of bfmwtn. earned marW deatracthe change* m the lympbo- 
poJctk and haemopoietfo ocean*. A good deal of work *-aa done npoo the 
•ubject iurt a boot tht» time, mchxlmg the effect* on antibody formation 



112 THE KETTOULO ENDOTHELIAL SYSTEM AND 

Sicnonds and Jones (IDlfi) about tho time of the publica- 
tion of Hektoen's earliest work on this subject gave the results 
of thoir experiments upon X rays and tho production of 
typhoid agglu ti n in . Babbits were given exposures of 10-16 
m i n utes daily for throo weeks when a sfnglo large injection 
of killed typhoid bacilli was given. They themselves mention 
the absolute lack of any attempt at dosage A soft tube 
of high penetrating power with the ourrent always of tho 
same milliampcrago was used, but otherwise there was no 
other measurement of the activity of the rays They record 
as their experimental findings 

1 The resistance of the animal was lowered within 0 hours 

2 Tho formation of agglutinin waa markedly lessened. 

3 The effect upon bactenolysin formation was uncertain 
but it was probably diminished 

4 Complement and opsonic power of the scrum showed no 
appreciable ohango 

It will be noticed that all the preceding work was carried 
out before tho recognition of the rcticnlo-endothollal system 
(1024) os a spccifio entity with very definite functions in the 
production of immunity nevertheless tho results obtained 
would bo In full accord With its damage by radiations. In 
view of moro recent work tho retention of the antigen in the 
blood mentioned by Benjamin and SI oka and the persist dice 
in the blood of the micro-organisms recorded by Corper and 
Chovey m mice injooted with thorium X are perhaps specially 
interesting in this respect 

In so mo of the recent investigations upon the effect of 
radiations on this system advantage is taken of the fact that 
normally it js enabled to segregate various colloids and dye- 
stuffs injected intravenously and thus to cause their dis 
appearanoe from the circulation. When Its functions aro 
impaired this function ia lessened or lost with tho result that 
the injected foreign material remains in the blood in greater 
quantity and persists there for a longer timo than is normal 

Ono such method — that of Adler and Roimann (1026) 
consists in the intravenous injection of a solution of Congo- 
red and tho subsequent examination by oolonmotnc mot hods 
of blood samples withdrawn at different times after injection 
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Jaff6 and Berman (1928) cnticixed the use of Congo red 
aa the injection material and indicator on the ground of its 
rapid elimination by the bile The matter was reinvestigated 
by Pohle and Davy who though considering trypan blue a 
more suitable agent were m favour of not entirely discarding 
the Congo-red method They point out however that it moat 
bo used in sufficient amount Thus using 10 o c of a 1 per 
cent solution, no dye was found remaining m the blood soon 
after injection. If the dose was increased to 100 c o of the 
same solution the injections bemg spread over three days 
it was possible to show its presence m the blood For inveati 
gat mg the functional integrity of the reticulo-endot h e hal 
system after X radiation, Pohlo and Davy injected 10 o c 
of a 1 per cent solution of Congo red m normal saline sola 
turn into the ear vein of rabbits The artery was found 
suitable as the source whence the samples of blood wore 
withdrawn at van o us Intervals of 4 minutes 1 hour 2 hours 
up to 24 hours 2 ce of blood u ere withdrawn at each time 
clotting and separation of serum were allowed to occur 
spontaneously after which the separation was completed 
by the centrifuge at constant speed. For estimation 1 o c 
of the serum so obtained was diluted with 1-5 o c of physio- 
logical saline solution and the tint compared with that of a 
senes of controls in a Bausch and Lomb Duboscq colorimeter 

These workers were particularly struck by the extra- 
ordinary variations in non irradiated rabbits which made 
comparison exceedingly difficult They however give a sum 
mary of their work as well as details of individual methods 
franldy stating that their results show discrepancies with those 
of earlier workers Broadly so far os the\ commit themselves 
to conclusions on the subject tho findings arc as follows 

1 Pose ICO R over spleen and injection 1 hour later 
« more rapid elimination of dye 

2 Do«o 300 R over spleen followed by Immediate injec 
tlon =3 but little change from non irradiated animals 

3 Pose 150 R to wholo body and Imraedlato injection 
■= appronmatch normal 

4 Tk*o 300 It to 'wholo body and unmcdiato injection 
*=• approximatclv normal. 
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5 Doeo 150 R to whole body and injection 1 hour later 
slightly increased elimination 

A more rapid elimination-, of course means a higher efficiency 
of the roticulo-endothelial Bystem so that these experiments 
suggest that under the conditions of radiation used, exposure 
to X rays raised that efficiency At the conclusion erf their 
remarks they comment ogam on the disoordant results 
obtained, on the individual variations and on the necessity 
for using a large number of animals if anything like definite 
result* are expected 

Sohwienhorst (1028) experimenting on rata by exposure 
to X rays and injecting known amounts of staphylooocoi 
mto the femoral vein, found that generally speaking the 
action of the rays upon the retionlo-endothellal s y s tem is 
gradually to diminish its phagocytic power until it is finally 
rendered totally insufficient The animals were divided mto 
five groups 

(o) Injected and irradiated on the same day 
(6) Injected on day following irradiation. 

(c) Injected 2 days after irradiation 
(<J) Injected 3 days after irradiation. 

(e) Injected before irradiation. 

In rats injected irradiated and killed a Bhort tnno afterwards 
(3 hours) phagocytosis generally was good in some it was 
increased and there was a more rapid disappearance of the 
organisms from the blood stream Animals injected three 
days after irradiation showed a lack of phagocytosis cither 
by leucocytes or reticuloendothelial oells together with a 
diminution in agglutinin formation. The interval of time 
elapsing between injection and irradiation was found to be 
of great importance in determining the degree of protective 
reaction. Sohwienhorst suggests that the increase In the 
bactenolytio power of the serum described by Heidenhain 
and Fried may be due to local injury of the reticulo-endothe- 
lial system no evidence of direct phagocyte stimulation was 
observed, and it waa pointed out that this is in agreement 
with clinical observation as to the futility of irradiating cases 
of septicaemia and general infection, since in these cases the 
reticulo-endothelial system has reached a stago of exhaustion. 
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SOME IMMUNITY REACTIONS 

Benasai (1029) working upon the absorption of trypan 
bine by the rebcrulo-endothelial (system in irradiated rabbits 
concluded that a stimulating effect on absorption was caused 
by moderate doses of X rays but that too heavy doses caused 
diminished activity or even complete destruction of the 
absorptive function. 

iHschtschenko (1020) found that in rabbits the adminlstrs 
tion of an 100 per cent ervthema dose one hour before mjeotion 
hindered the elimination of trypan blue when injected mto 
the ear vein. 

AD the writers upon this subject appear to concur m the 
view that m order to secure beneficial effects from radiation 
in cases of microbial inflammation it is essential that the dose 
administered should be a small one In localized infection 
a general consideration of the evidence rather points to a 
response on the part of the retie alo-endothelial system than 
to leucocyte destruction with consequent liberation of anti 
bodies. This is further corroborated by the fact that 
chronio infections and more acute infections irradiated m 
their late stages fail to give the best response If leucocyte 
destruction were the most important determining factor a 
rapid clearing up of the condition might be expected m the 
chronic cases the lack of such reaction perhaps rather m 
dicatea local exhaustion of the reticule-endothelial apparatus 
Moreover the experiments of Regaud and others tend to 
negative the view that the lymphocytes themselves are hyper 
sensitive to radiation, and explain their disappearance from 
the circulation after radiation by action upon the lympho- 
poietic tissues A farther point is the necessity for small 
doses of radiation in the treatment of microbial infections 
and the observation — winch seems established — that heavy 
doss go inhibits or destroys tho protective effect of the 
rcticulo-cndothelial system 

The experimental work of Mogilnitxky and PodJjaschuk 
(1030) ujxm tho so-caUcd haemato-cncophalic barrier (soy 
hdtnalo-cnltphaliKfit 11a mere) may appropriately have a 
brief note here Tho hacmato-eneephahe barrier constitutes 
a protection for tho central nervous system against toxic 
■gents circulating in tho blood and this is regarded as one 
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of the functions of the mesenchyme apparatus the particular 
tissue concerned has not yet been determined. The eipen 
ments now considered were performed upon rabbits and dogs, 
with varying doees of X rays (160 kv 3 mm AL) and solo 
tions of trypan blue (1 2 per cent ) or of sacoharated oxide of 
iron (2 per cent ) were injected intravenously Under normal 
conditions neither of these substanoes would pass from the 
blood into the brain tissues proper but as soon as the b ra i n 
is treated with repeated doses of X rays both trypan bice 
and sacoharated ferrous oxide may appear in certain parts 
of the brain. The brains of young animals were very much 
more sensitive than those of adults as was shown by degener 
ative atrophic changes in the mesenchyme apparatus in the 
former while they were not visible m the latter With divided 
dosage both trypan blue and femo oxide were absorbed in 
the endothelium and perivascular ghal elements this was 
regarded as due to a change in the permeability of the 
vascular system 
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RADIATION AND RESISTANCE TO TUMOUR 
GROWTH 

Ox the subject of immunity to transplantable tumours an 
enormous amount of very controversial literature has accumu 
lated. Woglom made two comprehensive reviews the one in 
1913 and the other m 1928 For the latter he analysed the 
contents of some klx hundred papers upon the subject and 
came to the conclusion that only a very small proportion 
were of any lasting valae Russ in 1022 gave a renew to date 
of the work bearing upon the relation of radiation to im 
m unity phenomena A very brief note upon the latter 
subject is all that can be attempted here 

A short account of the effects of radiation upon the 
familiar subject of resistance to micro-organisms hetero- 
logous proteins and toxins has already been given, and the 
relations of the rotimilo-endothelial system to these pheno- 
mena discussed 

The experimental observations that resistance to the growth 
of transplantable tumours could be increased either by a pre 
vious tumour growth or bv the injection of such material as 
embryonic akm naturally raised the question of the production 
of cancer immunity and of its possible clinical applications 

Hitherto it has not been found possible to procure an 
immunity to tumours by the injection of an anti tumour 
•crum prepared on the same Imee as anti-sera for diseases of 
microbial origin, or for agglutinin and the like Moreover 
attempts to prepare ipeciflo prccipitms for neoplastic tissues 
havo likewise failed In these cases there is an obvious 
difference from tumour immunity since the antigen is of 
foreign origin while in spontaneous tumours at least the 
neoplasm is derived from the tissues of the tumour bearing 
individual. There would seem to bo a general agreement as 
to the protective mechanism in both sets of cases namely that 
hi some form or other it depends upon tho reticulo-endothelial 
•vstem. 
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RADIATION AND RESISTANCE 
The importance of close attention to details of technique 
haa been specially emphasized by Chambers and Scott/ a* 
iveD os by other writers To a lack of appreciation of the 
Importance often seemingly minor details a Urge proper 
tion of the discrepant findings are probably to be attributed. 
It was first pointed out by Russell (1012) that not all 
transplantable tumours are capable of produamg immunity 
further there are marked differences between the life histonee 
of tumours Some grow rapidly, metastasize freely and are 
rapidly fatal Others are of slow growth and tend but little to 
the produotion of metast&ses Obviously discrimination is 
necessary when problems of immunity are under consideration 
Although it was soon well recognized that inoculation of 
an animal with tumour material might lead to immunity it 
was none the Ices obvious that in many oases such engrafted 
matonal died more or less rapidly and underwent autolvais. 
The question then arose os to whether the immunity effect* 
wore due to the young actively growing neoplastao oells, or 
to the disintegration products of cells undergoing autolys«. 
Hnaland (1010) demonstrated that tumour oelia disintegrated 
prior to inoculation by freezing and grinding did not produce 
immunity and the same haa been repeatedly found when 
dead or necrosed tumour tissue is injected there is here an 
obvious and marked difference from the produotion of agglu 
imm by the injection of dead cultures of micro-organisms 
Chambers (1922) showed that if healthy cells from a Jensen s 
rat sarcoma are mooulated into a series of normal rats only 
a slight degree of concomitant immunity is produced. On 
the other hand if the injected oells have previously been 
damaged as for instance, by irradiation the degree of 
immunity conferred may be a high one 

Evidence gradually accumulated haa led to three con 
elusions 

1 That young actively growing tumour cells do not pro- 
duce immunity ^ 

2. That injured or degenerating cells may produce im 

mumty . 

3 That dead or disintegrated cells do not produce un 

mumty 
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Since radiations are known to cans© the disappearance of 
neoplasms both spontaneous and inoculated the question 
of the possible production of an immunity producing phase 
in the course of the disappearance of the neoplasm is obviously 
one of more than theoretical Interest So long ago as 1910 It 
had been shown by Con ta min that a considerable amount of 
immunity was conferred upon mice by inoculating them with 
cells of tumour B which had been exposed to X ravs and he 
further added the important and significant fact that a too- 
prolonged exposure to the ravs destroyed the immunizing 
power of the irradiated cells 

TTedd and Buss (1912) showed that when the cells of 
Twort mouse carcinoma are irradiated in n Iro by the /?- end 
y-ravs from radium bromide with a source of the intensity 
of 2 2 mgm per square centimetre for periods of an hour and 
upwards the tumour material does not grow when inoculated 
into normal but susceptible mice 

Wedd, Morsan, and Russ (1914) exposed thin slices of 
tumour tissue to and y-rays in the same manner as before 
and inoculated fragments (Chi c c ) mto a number of normal 
mice After fifteen days test inoculations with fragments of 
similar but non irradiated tumour were earned out and at 
the same tune control mice were inoculated The numbers of 
tumours developing in the two sets of animals were then 
compared. The results are shown in the accompanying table 


Duration of 
crporuri to 
rad ton. 

' Pemntayt #/ tala J 

Extent of 
Immunity 
produced. 

1 Irradiated 

Controls 


p*r cent 



1 best 

1 5.» 

14 

*+ 

- boon 

, 15-4 

83 

81 

4 hoar* 

' 500 

33 


6 boon 

33 0 

61 


1* bonr» 

340 

78 

31 

51 boon 

1 coo 

30 

0 


These results are stricth comparable to those obtained bv 
Ccntamm as the result of exposure to X rayB and the general 
conclusion reached is that mice may be made immune to 
inoculation of Twort carcinoma by the injection of previously 
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irradiated tumour cells tut that too prolonged irradiation 
destroys this immunizing power 
In view of the fact that immunity seems to be caused by 
degenerating but not dead tumour cells the product* of 
autolysia of theee cells dearly invited attention and a great 
deal of work has been done upon the subject. Chambers and 
Scott (1924) state that On the whole the results have been 
very uncertain and contrsdictoiy and no good evidence has 
yet been produced showing that autolytio extracts can cause 
immunity ' Their own work was undertaken in order to 
determine whether extracts capable of influencing tumour 
growth could bo prepared from tumour cells themselves by 
radiation, autolysis under varying conditions and for different 
times and fractional precipitation by means of acetone 
Having regard to the work of Carrel (1913) and Drew 
(1922-3) upon the stimulating effects of certain tissue extracts 
m promoting tho growth of cells tn ntro the possibility of the 
ooeriatcnce of stimulating and retarding factors was homo 
in mmd Baahford Murray and Haaland (1908) showed that 
by using emulsion of mammary tissue increased sensibility 
to tumour growth could be caused in mice 

Chambers (1924) earned out a series of experiments on 
rats m which small engrafted tumours were completely 
excised either 24 or 72 hours after exposure to a lethal dose 
of radiation m the Irvmg animal Test inoculations msds 
subsequently showed that the degree of protection afforded 
increased with the time the irradiated tumour was allowed to 
remain in the body before excision When that time was only 
24 hours the degree of immunity was only small 
Chambers and Scott (1924) published the results of a series 
of experiments based upon the hypothesis that the immunity 
producing antigen was produced m decedent tumour cell* 
probably by the action of intracellular enzymes They con 
eluded that not only was this body unstable and evanescent 
but that it was associated with another body of diametrically 
opposite properties causing stimulation of tumour growth- 
One of their most striking experiments may be described 
The tumour (J.R-S ) was removed and given a lethal dose of 
X rays according to the standard evolved by Chambers, 




The mixture after incubation was centnfugalized and 0-5 
c c of the turbid fluid inoculated rubcutaneouslv mto both 
flanks of 20 normal rata Four necks later the 16 surviving 
animals together vri t h 20 controls all apporentlv in good 
health received a tost inoculation. The result* are set out in 
the accompanying diagram where each horizontal line show* 
R 
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tho growth of a tumour m a control and in an experimental 
rat The tnmoura in the experimental animals aro mnoh 
smaller than those in the controls the average final volume m 



Fia 32. Stimulating factor j 

A. Control*. B Experimental*. j 

Tho two figure* show tho effect of Injection with growth -atnnnla ting' 
growth-mhi fitting faetoT* pnor to tumour grafting, aa mentioned In tort. 
(Chamber* and Scott, 1924 ) 

the experimental series being 4 38 o o as oomparcd witl 
34 3 o o in tho controls 
Tho results are too uniform and too consistent to bo the 1 
consequence of extraneous accidental conditions and ono if 
led to the conclusion that a substanoe inhibiting tumorn 
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growth m present m the injected autolysate of the irradiated 
tumour 

Various modifications in technique were trod with the 



FlO 13. Inhibiting factor 
A. Oantrob. B. Experimental*. 


'deft of obtaining improved results but tbe same remarkable 
uniformity was not again obtained. The periods of autolyzis 
were varied as well aa the time elapsing between injection of 
the autolysate and tbe test inoculation Chambers and Scott 
explam the discrepant results as follows 

It appeared in *H tbete experiment*, when the whole of the fluid 
wa» inoculated, that we were introducing stimulating ■ubetance in 
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addition to antigen if tho latter wore present at aH. With compile 
look of knowledge of the effect of a mixture of those bodI«, ond of 
the rate of excretion of the stimulating substance wo were not likely 
to obtain consistent result* by continuing on tbeeo Unea. Separation 
of the two bodies Boomed, therefore e®entlaJ to *uocoaa 

Thoy considered that tho discrepant results might be doc to 
the different intervals between tho (intentionally) protective 
inoculations and the test injections and that in the case of 
the longer period the animals had succeeded m eliminating 
the stimulating factor Moreover with different period* o( 
autolysis it seemed that with tho 2-hour fluid a slight m 
hibitmg effect was produoed while with tho 4-hour fluid 
a decided stimulating action was manifest 
Experiments upon the autolysis of non irradiated tumour* 
by precipitation with different strengths of acetone ro-solu 
tion of the precipitate and subsequent test inoculation of the 
extraot showed that such extracts might have cither tumour 
stimulating or tumour inhibiting powers according to the 
method of preparation. It may however bo sold that 
the stimulating factor was more often manifest than was tho 
immunizing factor The two accompanying diagrams show 
the effoots of inoculation with oxtraots the ono predominantly 
stimulating the other predominantly inhibiting 

In a later communication (1020) tho samo writers eta* ce that 
the stimulating agent is a fairly stable chemical sul 
resisting exposure to a temperature of 100 C for 10 r nluntes 
and capablo of being formod by the autolysis of \ tumour 
tissue in N/20 HC1 and also in anaerobic oulturos oi» JJR& 
gro w n under the conditions Bpeciflod by Gyo (1025) They 
regarded both the stimulating and tho mliibituig faotou 
being derived from tho nuoloi of tho tumour colls 
Further investigations by Chambers and Scott (1932) upon 
the formation of tumour inhibiting antigens are summarized 
thus 

(1) Experiments ahow that J R.B deprived of it* blood -rupph 
end kept at blood temporoturo undergo©* * transitory change, 
during which extract* of it have immunizing properties, 

(2) Tho imm unizing property develops for a *hort time with increa*- 
ing potency and then disappear* j it i* apparently duo to change* 
in the tumour cell* set up by defective oxygenation 
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In new o! tho action of radiation in disturbing oxygen 
metabolism tho second of these conclusions is of considerable 
interest The probable nuclear origin of anti-growth and 
growth-stimulating faotors is also of obvious interest in this 
connexion It has already been shown that somo of the earlier 
effects of radiation upon nuclei is to produce changes which 
histologically present appearances similar to those occurring 
in autolysis If the Immunity producing antigen is as it 
seems to be unstable and evanescent itis clear that radiation 
may influence many factors which have possible connexion 
with its production In particular there are tho questions of 
the permeability of the nuclear and cell membranes of 
hydrogen ion concentration and of variations m tho oxygen 
metabolism of tho cells The very different effects of radia 
tion on different types of normal tissue have already been 
mentioned very possibly considerable variations may also 
exist in the degreo to which different types of tumour ore 
influenced. Little if anything is at present known of tho 
action of radiation on the different stages of autolysis from 
natural proteins to amino-acids We are at a similar loss for 
accurate knowledge regarding its influence on the van o us 
stages of autolvtio degeneration of tho nuclear structure 
with which Chambers and Soott regard tho tumour inhibit- 
ing and tumour-stimulating fnctors as olosoly associated 
It may bo noted that with the injection of irradiated 
material immunity was only produced when the inoculation 
was made under what may be termed ideal conditions 
By this Is meant the careful distribution of the inoculum so 
that tho fragments como mto mtimato relation with the 
essential normal tissues of tho inoculated animal Implon 
tat ion of a largo irradiated mass has usual!} been found in 
effective os has also the inoculation of well-divided material 
sp injected as to form a localized compact mass It is also 
interesting that as good an immunizing effect seems to be 
produced b\ tlie inoculation of quite a small fragment as of 
larger quantities The essential feature of success appears to 
be that tho implantation is mado m preclsel} tho nght ntua 
tion as regards tho reacting tissuo of tho rejected animal 
A cvtologieal analysis of the cell reaction to implanted 



1*6 RADIATION AND RESISTANCE 

tumours in rata and mice was made by Da Fano (1910 
1912) Studies were made of the oormective- tissue changes 
m carcinomata undergoing spontaneous absorption and 
also of tbe reactions following the inoculation of embryo- 
«Hn, of blood, and of tumour oeDs as well as of tumour 
material previously killed by fre ezing and mechanical dainte- 
gration 

The general conclusions which he reached and which were 
subsequently confirmed by Ludford and other workers are 
that 

1 Lymphocytes appear in large numbers around the ute 
of in oo illation during the development of immunity 

2 Killed tissue produces no immunity and no lymphocyte 
infiltration. 

3 When small groups of lymphocytes occur in tumours 
which are growing weD they are only found m areas of 
spontaneous healing 

It wag noticed by Haximow (1928) that in inflammatory 
conditions large numbers of lymphocytes and monocytes 
pass out of the blood vessels and become transformed into 
larger cells which he termed polyblasts and which finally are 
m distinguish able from macrophages 

The whole question of the nomenclature of these cells is 
very complicated but it would seem from Maxim ow s work 
that many types which have received spemal names are 
merely stages m the evolution of macrophages from ‘lym 
phocytes AD these various types of cell have the power of 
segregating vital dyes and therefore are classed as belonging 
to the reticuloendothelial system Moreover experiment*} 
evidence indicates that when these vital dyes have accnmu 
Iated in the cells there is interference with their immunising 
power 

Ludford (1632) investigated the effects of vital staining 
upon tumour immunity produced by the injection of embryo- 
akin 

A batch of mioe wm immtmittd by injecting embryo-«kin in the 
nght These were divided into two group*. The mice of ooe 

group were vitally ntamed a week aftar the Inocniatfoo of the «nb*y< > ' 
«lrm. At tbe end of the second week, both group*, together with a 
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■et of control*, wwe inoculated in the left &riQ* •with the transplant 
able adenocarcinoma 53 of thi* laboratory 1 

A* a result of this vital staining it was found that the un 
raumtv produced by the embrvo-skm inoculation had broken 
down. 

The materials used by Ludford m his » ntra mi am expen 
xnent were the dyea trypan blue and vital new red as well 
m colloidal preparations of alummiam hydroxide and of 
sulphur These are obviously of very different chemical 
nature the one feature they have in common m addition 
to then* colloidal character is that they are segregated by 
certain cells of the animal body Moreover the doses in which 
they are effectivo approach the limits at which thev are tone 
Dye* whioh are not thus segregated — whether acid *uch as 
eosm and orange G or basic snob as rhodamin B — have no 
effect in lowering immunity 

The amount of lymphocytic reaction produced bv tumour 
inoculation vanes with the type of tumour introduced Thus 
taking the two tumours 206 and 63 of the I C.R.F Lahore 
tory the results of reaction to implantation mav be thus 


contrasted 

Tumour tOS. j 

Tumour C3 

ID -defined margin with ertenaiv* 
leucocyte infiltration. 

WeD-dHfacd margin with edg* 
cWriy marked ofl from rcr 
nnmdmf taaura. 

Frequently regreiw and eauaca 
ccocdoitaDt fcamtmity 

Invariably grow* progre**h 
and do*** not jrroduo* conconri 
taut fanunmity 


Mice a ere inoculated with tumour 206 given five injections 
of trypan blue and tissue culture* were made It mas found 
that the dye was segregated by the non malignant cells It 
was also noted bv Ludford that m tumour bearing mice 
vitaDy stained with trvpan blue the segregation of the dye 
by the non malignant cells surrounding the tumour was most 
marked m those tumours which were undergoing regression. 

Some work b\ FonJds (1932) ahows the importance of the 
refacnlo-endotheliol system in controlling the development 

1 Lr the laboratory* of tho Imperial Grocer FU-aoarcH Fond. 
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of tumours Experimenting with the Brown Pearce rabbit 
sarcoma emulsions of tumour cells were injected into the 
ear vein. It was found that such injections led to the forma 
tian of metastaaes m much the same way as when the 
tumour cells were injected into the testis or leg and then 
allowed to develop In either case metastases were rare m 
the spleen and uncommon m the lung and liver Vital stain- 
ing with trypan blue greatly increased the incidence of tumour 
m the spleen, long and liver It would appear from these 
experiments that some organs resist the formation of meta 
stases in much the same way as a local mechanism opposes the 
successful taking of tumour grafts Foulds is of opmum 
that in both instances the effect is due to the action of the 
rotioulo-endothelial system The absence of metastases in, 
o g the spleen and lung is not dne to absence of cancer cells. 
Those were found microscopically m all the cases examined 
they only grew however when the re tioulo-endothelial system 
was damaged In the other cases they were destroyed in ad* 
before they had tune to develop 

A large number of experiments upon the blocking of the 
cells of the reticulo-endothehal system by the injection of 
materials whioh are segregated by them has been earned out 
In some cases this has appeared without effect on the growth 
of transplanted tumours while m others suoh growth was 
markedly increased. The explanation suggested is that when 
no effect was produced the dose of segregable material inocu 
lated was too small. 

An interesting experiment in whioh the effect of "V rays 
upon tumour transplantation was investigated was that 
recorded by Chambers Scott and Rubs (1020) A spon 
taneous tumour was found to have developed m the neck of 
one of the stock rata in their animal house It was found to 
be an en capsuled growth of the submaxillary gland 1 Auto 
logons inoculations were earned out and transplantation 
attempted into 22 normal rata The tumour did not recur 

1 The aatbora described the tmmrar a a eJoedy reacmblmg 
celled camnam* of the hreaat in th* human rabject ao far aa lta hjatolopic^ 
feature* wero concerned. Bpoutaneoui carcinoma In the rat ia rare 4011 
difficult to propagate by inoculation. 
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at the site of removal but large tumours developed as the 
result of the autologous grafting the inoculations mto the 
22 normal rats were unsuccessful. It was then decided to 
try whether such transplantation could be facilitated b\ 
exposure of the rets to X rays before the grafts were made 
Seven rats were given a rather large dose of X rays — 
la minutes exposure 1 — and on the following day the mocu 
1 at ions were made It was found that the tumour grew success 
fully in one animal subsequent inoculations m irradiated 
animals were more successful and comparisons with control 
non irradiated animals showed that tumour development and 
grow th were much more marked in the irradiated rats 
It had proviouah been shown by Mot tram and Russ (1017) 
that when rats which were immune to sarcoma were given 
heaw doses of \ radiation their immunity was temporanh 
broken down- The same workers, collaborating with Chambers 
and Scott (1919) showed that when rats arc given very small 
dad\ doses of \ rays the} become less susceptible to subse 
qnent inoculations of sarcoma 

Zaclicrl (1020 1030) who has given a great deal of atten 
tion to tho part played bv the rcticulo-endothelial system m 
affecting the growth of neoplasms considers that it is of tho 
highest importance in tho human subject as well as in trans 
plantablo animal tumours In a review of tho subject made- 
re 1030 ho refers to the well known rnnti of metastatic 
deposits m the spleen In case* ot human malignant disease 
and al*o to tho mercaso in tumour growth when tumour 
material is inoculated mto splenectomired as compared with 
normal mice Al«o if the minced tumour material is mixed 
with ground up spleen or thvmus tissue the tumour growth 
i 1 * retarded This was not found to hold when organs other 
than spleen or thymus were u«ed 
The difficult! of succcWnlh implanting moure tumours 
mto rats is well known but if tho rots nre subjected to 
splenectomi and soon afltncnrtU (l-_ weeks) inoculated with 
mou*>c tumour succcmTuI implantation is obtained If tho 
tc«t inoculation is delayed the re«L tance to the implanted 

• Till rt tlnol ew Halt of lb*' nhkb tbo »trtbor« b*d fotmd to b<“ 
k th*l for malignant rrtK 

S 
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mouse tumours is regained The situation is explained if we 
regard the retioulo-endothelium generally as developing a 
compensatory increased functional activity m consequence 
of the removal of the spleen. When the inoculation is mado 
soon after splenectomy this has not had time to develop and 
so a successful graft can be made 

Mention is also made m tho same paper of tho observation 
that if spleen and tumour cells are grown together in tissue 
cultures the growth of the tumour cells is impeded. 

In the case of the spleneotomired rats as already mm 
tinned resistance to implanted mouse tumours is re-estab- 
lished after 3 or 4 months If then the animals are exposed 
to X rays and. rein outdated, successful grafts may be made 
Exposure to X rays has again broken down the resistance of 
tho reticulo-endothebal system 

According to Brflda (1928) if rats were exposed to con 
siderablo doses of X raj's implantations of mouse carcinoma 
were successful. If the doses of X rays were small tho result- 
ing tumours if successful at all did not grow so well. 

According to ZachcH s personal clinical observation it not 
infrequently happened that rather active growth of car- 
cinoma of the cervix followed intensive doses of X radiation 
given at one sitting smaller dosee appeared to him on the 
other hand, to produce a more immediate effect in causing 
tumour regression. In the former case he considers the result 
as caused by too extensive damage to the reticule-endothelial 
system 

Throughout the experiments it appears that- radiations 
have a similar effect upon the reticuloendothelial system to 
that produoed by the injeotion of substances which undergo 
segregation by its cellular elements and that interference 
with its functions results As to the question of direct stiinu 
lation of the retumlo-endothehal system by small doses of 
radiation, this must be regarded for the present as a question 
needing a great deal more research. Injury to one part may 
very probably lead to a compensatory hyper activity o! other 
parts On the other hand if as suggested by Pfeiffer and 
BrUda (1929) a protective substance (mescnohymin) formed 
by tho retioulo^mdothellal cells is present in the blood and 
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lymph alterations m coil permeability due to radiation may 
accelerate its liberation and a consequent temporarily m 
creaeed concentration m the body fluids The whole ques- 
tion is admittedly at present a highly speculative one but 
with increasing work upon the subject further hght may be 
hoped for 

The important question naturally arises as to whether 
clinical irradiation of tumours may produce a me in the 
patient a resistance ire certainly meet with cases whioh may 
suggest it These occur mostly m the advanced and moper 
able cases Quito apart from the benefit to health caused by 
the cessation of discharges and haemorrhage the effect of 
radiation sometimes suggests that proliferation and metas 
tatio growth hi inhibited when the sites are remote from the 
site of immediate intensive radiation. The general lack 
of anything like consistent and definite inhibiting action 
is to be expected if as Chambers and Scott suggest the 
immunity producing body is not only unstable and evan 
escent but also intimately associated with a body of diametric 
ally opposite properties Moreover the importance whioh 
they find attaohed to the necessity for ideal conditions in 
inoculations designed to produce immunity in animals would 
go far to explain its apparent non production m the human 
subject Macroscopic metastases are obvious enough but 
how often mioroscopio metastatic deposits are influenced by 
radiation of the primary neoplasm is another question. As 
mentioned. Foul da found them widely distributed fn cases 
of the rabbit earooma with which he worked This distn 
bution was seen in organs where macroscopic metastases 
do not commonly develop Damage to the retioulo-endo- 
theHal system was however followed by their develop- 
ment as macrosoopio growths It was then not a case of 
non invasion of the immune organs but a local ( ?) pro 
tective mechanism whioh hindered their development into 
visible tumours It would not be expected from expen 
mental evidence that well-developed metastases should under 
go regression The ordinary immunizing processes have 
usually no effect on well-developed existing tumours 
Of course improvement in general condition often follows 
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radiation even in cases winch from any point of view are 
hopeless as regards cure Cessation of haemorrhage, of 
septic discharge and relief of pam, are all con trfbntoiy factors 
no doubt There is also tho possibility that improvement in 
the general health may increase the patient s power of resis- 
tance to tho disease Against this must he set the well known 
cluneal fact that neoplasms occurring m young well nourished 
subjects only too often run a course which is dramatic in its 
rapidity and fatal result In experimental animals implanted 
tumours do not grow so well in ill nourished or cachectic 
individuals 

It seems that the wholo question is intimately bound up 
with tho problem of dosage and distribution of radiation, 
and the more these are made the subject of exhaustive study 
the further shall wo advance m our knowledge of the cancer 
problem as a wholo 



CHAPTER VI 


THE ACTION OF RADIATIONS ON MALIGNANT 
GRCHYTHS 


Although from time to time specimens of irradiated neo 
plasms had often, been examined histologically the first 
systematic investigations upon tho cell changes following a 
single exposure were those of Lacassagne and Monod (1022) 
It will, therefore be desirable to consider these in some detail 
before discussing some of the later work upon the subject 
Tho first study was made upon a sarcoma situated m the 
abdominal wall of a bitch close to the margin of one of tho 
mammae The growth which was of the aixe of a fist was 
removed surgically as far as possible but as invasion of the 
subjacent tissues was extensive the residual growth was given 
a singlo dose of X rays after which portions were removed 
from time to time for histological examination The details 
of irradiation were given a a 


Standard Coolidpe tube 
Drttaneo from anticathode 
Aluminium filter 
Spark -pap 

Duration of exposure 
Total do-*) (measured at skin port of 
ento) 


-8 cm 
12 mm 
20 cm 

5 hours **0 min. 
20 5 H 


The animal anaesthetized w ith morphine was placed so that 
tho beam of rays traversed the remains of the growth from 
side to side thus avoiding ns far a* possible irrndiation of tho 
deeper organs Eleven specimens were removed for examma 
turn (biopsy) tho firet before irradiation and the subsequent 
ones immediately afterwards then after 22 and 42 hours 
and after 3 4 G 7 I) 11 and 14 days 

Tho histological findings were summamed brief! \ os 
follows 


(1) Iirforr irrW at, on The pro* th w as a aplmlle-cclkd sarcoma ; the 
fu*iform cell mere arranped in bundle with central ekmgnted 
nucleus, containing from ooe to four nucleoli, which exhibited 
stronpb brunphile cliarncteraf numerous mitoses were prrwont 
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of which the greatest number were regular; *0100 atypical focm* 
■were Been, which were most frequent In the vicinity of the 
ulcerated surface wharo tbero was also evidence of pclyxnor 
phonuclear infiltration. Ihe cells were embedded fa a coHagenotn 
network, by which they were united Into bun (flee, while at the 
same time the bundles w ere separated by wider meshes of the 
same collagenous fibres 

(2) Immediately foUowng irradiation. The general appearance of the 

specimen is unchanged, as compared with the non irradiated, 
but there a almost complete disappearance of jzdtofia figure*, 
and in aoma places there is evidence of local cell necnm* with 
fragmentation of the chromatin, which U dispersed hi the ecu 
densed cytoplasm 

(3) 22 Hours after irradiation Mitotic figure* have reappeared, and 

are as numerous as m the non irradiated specimen. Many bow 
over are abnormal, and none are seen fa onaphaae or teiopbaae. 
Necrotro cells more numerous than fa preceding specimen 

(4) 42 hours after irradiation The superficial area of many cell* H 
greatly increased, though the cytoplasm appears lew dense. The 
collagen fibres appear much thickened \ cry few normal mitoses 
are seen there are numerous coll* fa prophase, the majority 
being fa metaphase A few also fa tbo terminal phases, but theas 
are very rare and markedly atypical. Many cells showing atyp»e*i 
mitoses also show degeneration 

(5) S days after irradiation The abnormal features seen fa the 
specimen are accentuated The cells appear diminished when 
compared with the collagenous matrix many show eytoly®*. 
and in aome cases the meshes of ooHagen fibres are empty or 
contain only cell debris. Mitoses are abundant to pr oporti on 0 
the number of cell* they are, however for the moat p*rt 
abnormal, though a few apparently normal forms ere 
Several nraltfaucleated giant cells are seen The nod« of 
vary fa number from 8 to 15 they are smaller than normal, 
unequal sixes and irregular outlines. 

(6) 4 days after irradiation. The abnormal features continue to 
crease m prominence There is an increased disappear*™** 
cells, while those remaining are often mul tf n ocleat ed a n v*y 
largo The number of empty space* in the collagen network 
increased, though aome are filled with cell debris. Mi 
although abundant, are abnormal. 

(7) m days after irradiation Tbo leucocyte invasion appear* 

and extensive The roes lie* of the oollagen network are 
empty or containing debna, such cells a* remain are abnormal ^ 
degenerate A few mitoaes are aeen fa the surviving 
they are irregular and abortive In many place* tl*© ™eime* 
tbo collagen reticulum are filled up with leucocytes. Such ee 



0\ MALIGNANT GROWTHS 

a* are present are lacking m definition and itaining power 
Blood vessel* are usually thrombosed. 

(8) 7 days after irradiation. Onlj a few tumour cell* left and theao 
hi ghl y abnormal. 

(0 10 II) 9 U and U days after irradiation Progreative diaappear 
anceof even abnormal tumour cells, and progreoBiv© degeneration 
of collagenous reticnlum 

A recurring nodule which had grown np at the edge of 
the operation wound showed histological characters identical 
with those in the non irradiated specimen 

Tho sequence of events after radiation is obvious enough 
Cessation of mitosis with cell degeneration followed by 
renewed but abnormal mitotio activity Gradual disinte- 
gration and disappearance of neoplastic cells m which also 
the collagenous retioulum participates 
A senes of cases of irradiated human tumours were also 
e xamin ed, and the details of five are recorded in the paper 
now under discussion. 

Case I Carcinoma of cervix t den Fungating tumour 
filling the vagina. Radon in oervical canal. In each fornix 
and four needles implanted m the growth (24-29 November) 
total dosage 63 24 M.c d. 20 00 m utenhe canal 33 18 in 
vagina and implanted in growth. 

Before irradiation the section showed thick strands of car 
emoma cells showing the beginning of epidermal differentia 
tion the basal type of cell is however the predominant one 
Some cells show giant or multiple nuclei. 

(1) funtn after beginning of irradiation. Tho only alteration from 
tho norm*) ia tho infrequency of mitoae*, which is very marked 
( ) 48 hours Mito-os again numerous, but m many coses abnormal, 

(3) J day* Appearance* much tho same as m tho preceding specimen. 

(4) 4 days Cells showing cytoly^is are frequent m the strands of 
cancer cells. The width of there strands la greatly reduced, in 
■pit© of tho increased size of tho remaining individual cetla. 

(5) C days after beyinning of treatment, and 4S hours after removal of 

radon Tho strands of malignant cells are narrowed: tho cells so 
diminished m number aa to be reduced to a few layers. Individual 
eell* show Irregularities in shape and sirej ml tore* are frequent 
but abnormal and obviously degenerative 
(0) I days after beginning of treatment and S days after cessation of 
rod tat an. Tho lyst* of the malignant cells is very marked. There 

are fragments of tho original strands of cancer cells still to bo 
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made out the majority tbow cytolysw tb* other* axe irregular 
m shape and sue, and no more mitoses are seen. 

Case II Carcinoma of cervix vten Fungatmg tumour 
growing from the posterior lip of the oervu. Histologicallv 
extensive epithelial downgrowths under the tissues showing 
commencing differentiation of epithelioid type Xo keratim- 
ration Numerous mitoeee mostly normal. Radon in cervical 
canal and in vagina one applicator being placed m each 
fornix and one mesially (30 March-3 April) total dose 
59 52 M.c d. 25-56 m uterine canal 23 06 in vagina. 

(1) 2i hour* after beyxrtntng of trrodudion Hi tot w fig u res gre*tiy 
reduced in n timber and quite absent from the btjtal layer la 
the other layer a fmr abnormal mitoaee are aeon. 

(2) 4$hovra Mitoses, though lees rmmenxu than before the beginning 

of treatment have again became frequent but nearly all are 
abnormal. In tbe Centre of aome of the at rands of malignant cefl* 
the maturation of the cefla i* shown by tbe accumulation of cell* 
showing hyaline changes, or changes more or lew akin to ker* 
tiniiatwn. 

(3) 3 day Many abnormal ml toeea, and many ceDa are ae«i with two 

Or more nuclei with irregular outline*. 

(4) 4 day Tbe day of removal of tbe radon applicator*. There is 

marked narrowing of tbe strand* of cancer ostia : there are fewer 
mitoses, and thoae abnormal, but of tbe cell* remaining, many 
are afmooatroua forms and rouHmucleate Other* abow cytolys*. 
and m the centre of tbe strand* changes of a keratinous nature 
are to be seen. 

Two further cases of uterine carcinoma are described one 
of them showed a more advanced stage of epithelial develop- 
ment while in the second all stages of normal epithelial 
development up to marked kerathnzation were distinguish 
able There are no essential differences in the general nature 
of tbe changes produced by radiation from those previously 
described 

The last case described by Lacassagne and Monod was that 
of a metastasis m the pre-nun colar lymph gland, recondarv 
to a squamons-celkd carcinoma of the forehead, which had 
been locally cured by operation. The secondary growth had 
become greatly enlarged and ulcerated. HistoJogicahv the 
growth showed an advanced stage of epidermoid differentia 
fmn. with a marked predominance of keratinized elements. 
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Tbcro were numerous mitoses in the peripheral areas but 
these were frequenth abnormal asymmetrical and multi 
polar The mass was treated bj inserting twelve radium 
needles tbo dosage corresponding to 15 fmerocunes destroyed 
per needlo per hour 

(1) 3 days after insertion of needle* The rtmetura ia completely 

cheated and tho column* of malignant cell* broken up The 
remaining cells are abnormal enlarged, with nuclei of irregular 
•tructun) and outline and often accompanied by amaller ntypi 
cal nuclei MIto*cs are frequent but abnormal, and kerotlniia 
tkm marked 

(2) 6 days The foot urea of tho preceding specimen ore exaggerated 
la many places tbero u complete cell destruction and whero 
viable colla are present mitotic figures ore rare. 

(3) S days "Neoplaatio degeneration £a it ill further advanced and 

most colli appear dead Tho turvivor*, grcotly enlarged and 
abnormal, *hcrw extennvo masses of keratinous material 
Nino days after tho beginning of treatment tho radium was 
removed the total dose being 38 88 M .0 d Tuo days later 
a specimen showed completo degeneration of epithcliomatous 
elements hcrat inked debris was present around whioh wero 
giant cells 

Tho general effects of radiation upon theso various human 
neoplasms are thus summed up by tho authors 

1 During tho flnt 24 hours tbcro H disappearance of mitotic 
OgUTra and cessation of reproductive activity 
m Mrtous is gradually rammed and increeacs until towards the 
end of the wcood day Ml mitose* however arc and continue to 
b*S abnormal. In wme caars, especially in the first few day*, some 
apporantlv normal mitotic figures continue to appear tbo normal 
terminal phaaes arc liowover absent suggesting that the cells died 
before tho completion of division. In other cases tho mitotic figures aro 
julto abnormal, and nt tlio conclusion of 3 or 4 das'* thc% Ikjw all 
kmds of mitotic monstrosities Tlio degroerativo procos* increases 
with lnpra of time and tlie cells die off 

3 In theso eorrinomata, a* well as in tho sarcoma first descrilxsj 
des«wrativo mitotic processes appear to bo tlio csM-ntial element rn 
rauving destruction of malignant colls \s tlio procr- of abnormal 
mitotic dn j*wm progms«w tbey gradual dimim b in numbers until 
the} mmtually disappear 

4 This process can be seen in all tlie t vpes of cancer examined 
™ ttxwe pro-Mlis wliere tliere is a normal tendency toward tlio 
ermpWe rs elution of the epidermal t\pc this maturation of tlie 
erlli wy-m to be actuated b\ irradiation 

T 
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Lftcassagno and Monod give a reviow of the results obtained 
by other workers who have o -cammed malignant tissues after 
irradiation— Soholtr Apolant Martini, Clonet and Rnbeu- 
Duvftl — ns well as of some of the effects obtained with noc 
malignant tissues Patting all the work together they am of 
opinion as already said that the curative action of radiation* 
in n ooplasms is m the first instance determined by mitotw 
changes and degeneration 

Canti and Donaldson (1023) gave the results of the histo 
logical examination of specimens from irradiated carcinomata 
of the cervix uteri Their general conclusions are as follows 

(a) That the introduction of 173 C mgm of radium element 
into tbo cervical tissue for 24 houra is capable of causing 
a complete disappearance of the growth from the 
cervix within a few weeks wh areas the same applies 
tion for 8 hours produces little or no effect upon the 
quantity or appearance of the growth 

(b) That definite scries of ohangee in the carcinoma cells 
can be demonstrated after irradiation leading up to 
the destruction of the cells 

( c ) That littlo or no effect is produced in affected ffiao 
glands if the cervix is irradiated. 

(d) That as changes m the malignant cells take plaoe before 
the formation of fibrous tissue the latter is not the 
causal agent m tlio disappearance of tho growths 

(e) That carcinoma colls are more vulnerable than the 
uterine musculature but that novertholess, in the 
latter local atrophy and fibroma tako place at a later 
date 

Cytologioal studies of irradiated human can cere have boon 
made by Ludford (1030) In general tho typo of nuclear 
oliange is «imilar to those described in animal tumours when 
dealing with the nucleus In describing an irradiated sqnam 
o us -colled carcinoma of tho lip ho draws attention to the 
contrast between the great effect of the radiation upon tho 
malignant cells and its small effect upon tho normal epithe- 
lium Unfortunately he does not exactly specify tho location 
of tho radium needle as regards tho normal and ncoplaatio 
tissues respective!} Tho needle contained 2 mgm of radio® 
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element and was left m position for eight days the tissue 
removed for histological examination was all taken m the 
area of 1 cm round the needle >. either tho screenage nor 
the material of which the needle was made were recorded 
assuming it to be of the ordinary modern tvpo it was presum 
ably of platinum indium and about 05 mm. m thickness 
The changes observed in different malignant cells were 

1 Great enlargement of cells the nuolei showing irregu 
lanty of outlino alterations in the chromatin, and 
accumulation of bnsi-chromatin in the nuoleoli. 

2. In some cells the chromatin is collected into droplets 
beneath the nuclear membrane 

3 Lobulation of tho nucleus accumulation of modified 
chromatio material into droplets These do not stain 
by the Feulgen method a few small scattered masses 
do however so stam as do also a few areas m the other 
cells. 

4. The nucleus contains a large number of separate drop- 
lets of oxychromatm and basi -chromatin. 

It is pointed out that this form of degeneration is unusual 
and has not been observed in tumour cells during antolysis 

The summary of the conclusions reaohed by Ludford is 
thus given 

1 The comparative freedom from the effects of radiation of the 
normal epithelium, although it wii m an area of 1 cm round a needle 
containing 2 mgm, of radium for eight day*. 

3 The radiation* appear to have had a specific action upon the 
m a ligna nt cells All the cell* -were -within an area of 1 cm from the 
•oaroe of radiation. 

3 A large proportion of malignant cell* have not been actually 
destroyed. Many of the nndeatrojed cell* are to degenerated that 
they may not recover There are other malignant cell* which may 
either recover or may never become capable of multiplication, having 
Io*t their malignant character 

* It eannot be wdd that radiation had increased the number of 
lymp hocyte*, polymorph*, or macrophage* m the radiated area arnce 
prwaaely timilar picture* can be eeen in non irradiated squamous 
epSthehomata of th* bp 

The type of degeneration induced by radiation of the malignant 
ccb* u an unumal ooe 

® Abnormal nutoau has actually occurred during th* radiation. 
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Mention has already been made of the fact that a oerUm 
mi n i m um intensity of radiation is necessary to cause irthibi 
turn of mitosis in tissue cultures In Conti and Donaldson 0 
work, clinical experience oonfirms -what common sense would 
suggest that a sufficient dose of radiation must be given to 
ensure complete disappearance of the growth. The deter 
m fruition of the minimum dose neoessary to produce this 
effect under various experimental conditions has necessitated 
a considerable amount of work upon the ‘lethal dose This 
can be considered under two heads as regards animal experi- 
ments The lethal dose administered in tnpo is the least 
amount of radiation which will produce the complete regres- 
sion of a tumour left in stiu whffo in vitro it is the least dose 
which when administered to a portion of excised tumour, will 
prevent its growth when injected into tho Bank of another 
rat 

For the determination of the lethal dose in vtlro Scott 


employs a slice of selected tumour tissue about 1 or 2 mra 
thick wluob 13 placed inside a thin mica cell sealed with 
sterile vaseline — the whole procedure is of coarse oon 
ducted under conditions of complete aaspsis A large expen 
enoe of the probable effects of the X ray beam used under 
standard conditions has made it possible generally to have 
somo idea of the time of exposure which will be necessary 
As n rule four specimens are irradiated at once within tho 
same area of radiation Half way through the exposure tho 
shoe of tumour is turned so that the former upper and lower 
surfaces are now reversed. Since the total area of the 


irradiated field is large enough very considerably to overlap 
the small area m which the capsules are placed, it follows 
that all the tissue elements must receive a uniform dose of 
radiation since the order of tho duration of the exposure U 
usually about 180 minutes in all the specimens being placed 
at a distance of 30 om. from the antioathode and the spark 


gap being 10 am measured between spheres 6 om in diameter 
For the same type of tumour it is found 
1 That the lethal doeo given tn arc is slightly smaller 
than that given tn ntro also when the tit vivo dose 
includes the surrounding tissues (lo the radiation 
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not stnctiv limited to the tumour by lead screenage) 
the dose is much smaller than when the tumour alone 
is irradiated 

2 "With all the rat tumours experimented upon Soott 
finds the difference m lethal dose is not greater than 
25-30 per cent The Rous chicken sarcoma is on the 
other hand, unaffected by 7 times the ordinary lethal 
dose for rat tumours whether the radiation be in nro 
or in Vitro 

3 The amount of radiation necessary to constitute a lethal 
dose depends upon the wave-length. Although expen 
ence may suggest the order of exposure necessary each 
case must be investigated separately 

A In irradiating tumours for the estimation of the let h a l 
dose it is found that the first 50 per cent of the neces- 
sary dose has but a comparatively slight effect the last 
26 per oent of the time of exposure seems to be expended 
m overcoming the resistance of the more refractory 
elements to radiation Of course there is another possi 
bihtv which is that some animals are much more sus 
ceptihle to engrafted growths than are others Under 
these conditions a growth might require more radiation 
to render it incapable of taking than when implanted 
into less eusoeptible animals In the susceptible rat 
there may be more favourable soil for the implant to 
grow in The prolonged and uniform radiation to which 
a slice of tumour about 2 mm m thickness is subjected 
would certainly at least suggest that resistance on the 
part of the inoculated animal may be no unimportant 
factor m determining whether the graft takes or other 
wise 

Russ and Scott (1029) endeavoured to ascertain expen 
mentally the minimum efficient intensities of radium and 
radon tubes for practical use A concentration of 1 mgm 
radium element per centimetre length of tube is one which is 
in common use the problem was to ascertain how far this 
could be reduced when the lessened concentration of radium 
compensated by increased length of exposure Jensen s 
rot sarcoma was used for most of the experiments The 
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thickness of tho wall of tho platinum tubes was 0*3 Trim, m 
moat oases It was found that if the concentration fait? 
below a certain amount the irradiation has very little effect 
even on colls quite near the tubo and oven although the tube 
is left m place for quite a considerable tune 

If a tumour has had a tube of radium or radon Inserted for 
just tbe length of timo whioh would cause It eventually to 
disappear but instead of removing the tube and awaiting the 
natural course of events email pieces are taken from tho 
edges of the tumour and inoculated into young rata, it fa 
found that a largo percentage of these transplants will events 
ally grow although, hod the tumour been left intact in tbe 
original animal it would have disappeared This applies to 
pieces taken from tho odgee at right angles to the centre of 
the tube wldoh have received the maximum amount of 
irradiation of any of tho peripheral cells These transplants 
are often very slow in beginning to show any signs of growth, 
but once thoj have begun the} grow steadily although m » 
rule at a much slower rate than the normal 

There are of oouree many possible explanations for this. 
It is not known what part tbe surrounding tissue of the hat 
plays m the disappearance of a tumour and of course the 
vascular conditions in the case of the transplants Into young 
rats are entirely different 

The general impression gamed from these experiments was 
that the offeot was a fairly direct one growth being prevented 
if the dose is largo enough but if tho intensity of radiatkm 
falls below a oortaln limit the tumour oells are able to some 
extent to cope with the situation Although the rato of growth 
may have been retarded for a time, the tumour will oventn 
ally grow 

To ensure tho disappearance of a tumour measuring 
10 by 10 mm a short radon seed 5 mm in length in a pish 
num screen 7 mm long and 0*3 mm thiok, containing abou 
2*0 milhcunes of radon appears to be effioient This corre- 
sponds to a concentration of 4 0 milliouries per centimetre 
of active length In many cases tumours were found to have 
disappeared with smaller intensities 

"ft ith increased active length of the tubes the intensity o 
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radiation can be reduced A concentration of about 0 6 mgni 
of radium element per centimetre of activo length left In 
for 1 1 days can produce a lethal effect in a tumour measuring 
14 hv 12 mm The length of the tube was m this case 13 cm 
In this case the concentration of radiation w as less than a 
quarter of that employed in tho 5 mm radon seed when the 
experiment lasted 10 day* Tho number of mflhgramtnc- 
clemcnt hours In this case was 138 and was definitely less 
than that (about 220) corresponding to the dose given b} the 
3 mm radon seed applied for 10 days 
It was found that practical!} all the tumours treated with 
radium err radon grew for at least a few davs after insertion 
of the tubes the rapidity with which they disappeared varied 
enormously 

The experimental fact that tumour cells irradiated whilo 
grow mg in a rat and left undisturbed after radiation are much 
less likcl\ to grew than if they are removed and injected into 
another rat certainlj suggests that tho environment of tho 
implant Is not -without effect Russ and Scott (1027) in 
vtMignted the effects of prcviousU irradiating tho area into 
utuch an implant is made Rats were completeh screened 
with lend 2 mm thick which was sufficient to stop tho "V rays 
used m those experiments Two apertures were cut in tho 
lend through which tho \ rap could reach the skin of tho 
animal' The tats w ere given measured doses of "V rays w hdo 
under an anaesthetic In somo casca thc\ were inoculated 
with Jensens rat sarcoma before exposure to \ radiation 
more gmcrolh however this was dono three or four days 
afterwards The site chosen for the inoculation was as ncarU 
as povihlo mid mu between tho two irradiated sectors A 
forgo nuralicr of experiments all went to show that growth 

* M raoro marked m the non irradiated thnn m tho irradiated 

many cases w hen the irradiated area was eve ntu nils 
vadrd h\ the tumour it wras found that the growth w as much 
Mtcr than in non irradiated regions The experiments ns 

* omT> m tho various cliarts drawn up b\ the authors nrc 
f^msrkahlv staking 

In all the experiment* the \ mn were generated from a 
°° mpu tube with an alternatne spark-gap of o cm between 
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spheres 0 cm In diameter Under the same conditions of 
output and distance from 50 to 65 minutes exposure itm 
found necessary to administer a lethal dose to Jensen b rat 
sarcoma The times of exposure given to the rats fn the 
present scries of experiments were 20 30, and 45 minutes in 
different oases Tho effocts of these doses on the akin varied 
from partial epilation to alight blistering Experiments upon 
the samo Lines earned out with a rapidly growing haem or 
rhagio carcinoma and using an exposure of 30 minutes under 
the conditions employed before confirmed the previous ex 
penmen tal findings 

It seems established from these results that as might most 
probably have been expected tho condition of the site mto 
which the implantation is made is a matter of very oonsidcr 
able importance Perhaps in this connexion it may not be 
mopportuno to stress onoo more the importance of the 
method of implantation, and the necessity for an enormous 
amount of practice before definite experimental results can 
bo claimed It is obvious that inoculated tumour material 


when broken up and well separated bears a much closer 
resemblance to the implant causing a macroscopic metastatic 
deposit than is the case when a bit of tumour tissue is taken 
more or less haphazard and inoculated without any special 
attempt at securing a proper distribution of its constituent 
elements 


Some experimental results obtained by Russ and Soott 
(1020) on the subject of differential action next call for con 
siderntdon From the earliest record od instances of damage 
inflicted upon tho ekm by X radiation it has been appreciated 
that tho more penetrating radiations had usually o 
destructive offeot Ruse had already shown (1023) that 
exposure of the skin of a rat to a beam of X rays with a 
limited range of wave-length (0*4 6-0* 30 A U ) produced certain 
reactions provided of course that the doses were large 
enough When the wave-length was diminished to 0*1 08 A-U 
six times tho dose required with tho longer wave-length were 
nccessarj to produce the same effect With Jensens rat 
sarooma the same type of diffe renoo was noticed, only here 
it was found that m order to produce tho aame offect tho dose 
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o£ the, shorter wave-length. had only to be increased to 2 8 
tunes that of the longer These experiments are of hnpor 
tanoo as allowing not only that different ranges of wave- 
length require different doses to produoe the same effect m 
a given tissue but that the same ratio does not hold good for 
all tissues 

In their later (1029) series of experiments Bubs and Soott 
made use of % rays with a wave-length of about 0 10 A.U 
and of the y-rays of radium Both ekm and tumour were 
exposed simultaneously bo that both received the same 
dose A rat 1 with a tumour on each flank was covered with 
lead, a small perforation over one tumour and another high 
up on the hack allowing the radiations to reach theee two 
areas After exposure both tumours were excised and small 
fragments of the irradiated tumour taken not more than 2 or 
8 mm. from the surface of the skm were transplanted into 
young rats Bach of theee rats also received an inoculation 
with a fragment of the non irradiated tumour of the same 
experimental rat Comparisons were made from the effects of 
radiation upon the exposed skin and upon the failure of 
growth of transplants from the irradiated tumour The dosage 
of X rays was estimated by the ionisation 1 method. The 
results obtained were found to corroborate those reoorded in 
the previous paper (1923) 

Two definite oonolusions were drawn from their expen 
ments 

1 That the reaction caused m the ekm and tumour depends 
not only on the amount of energy absorbed by the tissues 
but upon the particular wave-length* of the radiation. 

2 The extent of this differential action appears to depend 
upon the nature of the tissue 

Further it was noted that 

If the Jm*oni rmt ac-rocrmn experiment* had been limited to the 
group of ware-length. 0 46 to 0 30 X U (aoft rmya), there -would bo 
nothin j to ooggmt a selective actkm of the r*yi which could be taken 
advantage of therapeutically race about 1 7 tame* the permanent 

* 01 oonm * Urge number of rata ^rer* uaed In tbcw experiment*, 

Tbo ahe and oonatrurtlon of the ionization chamber are of the otmoai 
important*- Lack of attention to thU may lead to totally I«H*ciou» 
eonohwJooa. 

U 
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dopflntf on doao i* needed to cause a lethal action on tie tumour call*. 
When tho wave-length is shortened to *bout 0 1 A U.» however only 
075 of the permanent d epilation do*e is needed to kill the tumour 
coils, so that, not only for the abort wave-lengths penetrating power 
but also bocause of tlie cliange in the right direct: on of the diflermtkl 
factor it eocma it must be more satisfactory to use short wave-length 
radiations for any subcutaneous growths. 

I cannot do better than quote the final passage* of this very 
valuable) and informative paper, s moe it la impossible to 
abbreviate them with any approach to a dear explanation 
of their conclusions 

At the present timo, it is not likely that any single explanatory 
thoory of tho biological action of X and gamma ray* can be seriously 
propounded on account of the extraordinary drvamity of there 
action*. It is, porhapa in the phenomenon of selective action that 
this diversity h boot noon .No single theory can be expected to fit all 
tho facts that arc known of tho biological effects of theeo ttys, but it 
is tempting to propoeo In a very tentative fashion an explanation of 
our experimental facts in terms of icmitatian gradient* " 

Tho outstanding physical effect of those rays it the Ionization they 
produce Ionisation doubtless occurs throughout the irmdhttd 
tlsauos electrons nro liberated and their velocity depends on tl*> 
wn vo- length of the exciting radiation. Theme, after all ore the cat 
standing fact* known on the physical nde, and it remain* to be wen 
Ikdw this difference in the velocity of the electron can account for the 
difference in biological offset* when the amount of energy liberated 
is tho same 

In tho caao of tissue expoaod to very short wave length radtftto, 
tlw volocitj of the eloctron is high and, when liberated from th*J^ 
it passes through a considerable thickness of throe before it* velocity 
is quenched With km gar wave-length* the velocity of the 
is lower and tho dbtanco traversed much leas. It is possible to eramtoe 
tlm dlfforonce in greater dotail ; there u a lot of data at bandgwmg 
tho varying degree* of penetration of electrons in terms of T ^ oat ^ 

Lcnnrd in his publication (Hetdelberger Atodemh dtr ***** 

tthnjicn 1013) say* that the ionixatlonintcnsity’ , of elcctrrMha’rmg 

u speed of 0*00 V i* reduced 10 per cent in going through 0 
aluminium If tho speod » 0*0 V-, a* httlo a* 0 001 mm. 
this 10 per cent, reduction (V is tho velocity of light). ___ 

II j a careful acrio* of abaorption measurement* involving^ __ 

tiian 000 oir*ervattofu, vro have got oomporatlre data of tumour 
and aluminium . vuv 

In tlm nocomjmnymg tablo, the data have been co 
liear on fhoso regions of the apectrum which ” _ 

o\i>criincnts In tl» first column, the speed of tbo elect roc 
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oorrw ponding to the greeter pert of the particular radiation need 
m tbe w*ccnd oolomn, the thkknew of tumour t«ue needed to cauae 
a drop of 10 per cent m the Ionization intensity of the*© electron*. 
The third, column give* the thkknca* in the approximate number of 
cell diameters (tumour cell*) 


.dterofi* eptrd of 

tltctrorLi 

TAWwm f tttmovr tiMUt 
nude d to rrdve* toniariion 
by 10 per cent. 

dumber of cell 
dlamettn 

r-r*y* 0 90 V 

0 558 mm. 

i 

Hard rmy*0 7fiT 

0 OOfl mm. 

3 8 

Soft rmy* 0 GO Y 

O-OOC mm. 

0- * 


It will be *een from thi* table that what may be called the loniza 
tloo. gradient*” must be very much *teeper with aoft ray* than with 
harder one*. Although the cell* of the body are always accommodat 
ing themeelve* to change* in their aumxmdings, it {* not difficult to 
imagine that thb must become very much more difficult If the changes 
are sudden, and a *teep gradient of knizatian may be equivalent to 
a »udden change Though jn*t aa much actual energy u liberated in 
the t Maura by short wave-length radiation, the ionization gradient* 
are not *o steep and it may be that considerably more energy lias to 
be expended in the*© cases to c*u»e duturbanree from winch the 
cell cannot recover than is needed when using the ray* of longer 
wave-length*. 

It *ecms poraible too that the power of the tissue* to tolerate 
indefinitely very weak, radiation, which i* below a certain intensity 
may be explained m the same way 

Strangeway* and Fell observed that if chick embrvos are 
irradiated before blood v easels have yet appeared they are 
able to tolerate very much larger doses of radiation than 
after tbe development of a vascular system Once this baa 
become established irradiation seta np characteristic changes 
in the vessels which become thrombosed and the death of 
the embryo results It I* therefore to be expected on 
experimental grounds that tumours with a developed blood 
ripply should present differences m their response to radm 
bon when compared with tissue cultures and that valuable 
as the result* of the study of irradiated tisane cultures un 
questionably are the behaviour of a tumour irradiated in 
nvo cannot be aanmed as a necessarv corollary from the 
behaviour of tumour or other cells grown m vitro 

In considering the action of \ and y-raya upon a mass of 
tumour tissue suoh aa is met with clinically the effect upon 
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the blood vessels is doubtless a very important one Vascular 
endothelium and according to some authorities the sub- 
endothelial tissue are h igh ly sensitive to radiation The result 
of this action is t-o obliterate the lumen of the capillaries and 
other vessels within the range of action of an adequate doee 
of radiation In the case of arteries and veins collagenous 
tissue in the vessel walls accentuates the action, while if 
oollagcn forms a prominent feature of the tissue in which the 
vessels lie the swelling which it undergoes os the result of 
exposure to radiation will add to the effect of the endo- 
vascular changes by external compression Clearly the total 
off cot of these changes will be to effect a marked diminution 
in the blood-supply to the irradiated area, thus leading to 
diminution of oxidation and of nutrition Look of oxygen will 
not only cause a shift of the pH of the protoplasm of the 
irradiated oolls, but, as has been already mentioned there is 
reason for thinking that oxoess of carbon dioxide is capable 
of affecting mitosis. Meantime the direct damaging effects of 
the radiations are already at work upon the oell nuclei so 
that more or lees severe injury is bound to result if the dose 
of radiation be large enough. It has been shown bow nuclear 
division is affected with the formation of abnormal mitoses 
and the dying out of oertam linos of cells in one or even two 
generations If a oell is sufficiently damaged outolytlo pro- 
oessm will assist in its removal and here the shift of the pH 
towards the add side will aooelerate the process In this 
connexion also the effect of nutation upon autolysts may come 
into play as was seen in the case of antolysis m the livers of 
fed and fasting cats (p 46) where the process was much 
increased in tho fasting state There is yet a farther way m 
which a deficient blood-supply znay increase antolysi* It 
has been shown by Schryver and others that in xniro blood 
serum has a retarding effect due either to the presence of 
auto-enzymes or to partial neutralization of acid formed 
during the aufolytfo process Buss and Soott (1027) in 
studying the effects of implanted radon seeds upon tumour 
and liver cells of the rat found that cells lying around blood 
vessels seemed to be protected to some extent from tbe 
damaging effects of tbe radiation. Colwell and Gladstone 
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(1933) exposed the livers of rots to autolysis -when full of 
blood and also when emptied of blood as far as possible In 
the former case the vessels connected with the organ were 
ligatured m situ in the anaesthetized animal before the liver 
was removed while m the latter the operation was earned 
out so as to ensure the loss of as much blood as possible 
Both the livers were set to autolvse after whioh they were 
fixed stained and examined histologically It was found that 
autolytic changes were deoidodly less marked m the liver 
which was allowed to autolyse when full of blood 

Yet one additional factor maj have its part m accelerating 
autolysls namely increase m the permeability of cell and 
nuclear membranes whereby removal of autolvtao products 
will be facilitated thus leading m turn to still further 
accentuation of the autolytic process 
Autolysis of course vanes in degree according to tho 
organ concerned and it seem* very probable that the effects 
of radiation upon the autolyris of different types of cell ma> 
vary greatly Intestinal epithelium for example has been 
*hown to bo highly sensitive to radiation and also to undergo 
greatly increased autolysis as tho result of previous exposure 
to radiation Porhaps the explanation of this may simply bo 
that the epithelium owmg to its highly radio-sensitive charac- 
ter is readily injured and that injury leads to autolytis 
Owing to their situation evorj facility is offered for the 
removal of autolytic products From their normal physio 
logical functions it would naturally bo expected — as is found 
— that these cells should be unusunlh nch in enzymes oon 
cemcd in protein changes *o that when severely injured 
their autolytio degradation proceeds with unusual repidi ty 
There is another aspect of the radio-sensitivity of the in 
testinal epithelium which has been suggested bv Chant rmno 
(1924) and otlier* as exemplifying tho phenomena of radio 
sensitivit\ considered as a whole namely that radio-scnsi 
tivity is a function of metnbolio actlvits If wo consider the 
mtcstfnat epithelium it Is plain that it is alwavB working at 
somow here about its maximum copacit\ this contrasts with 
tho condition found in tho heart or long where both organs 
normallj w ork at ven much less than tho maximum of w hich 
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they are capable Metabolio activity may be shcmn either 

in such function* as digestion respiration muscular move- 



ment andtbeHke orinnucIearnntoticaotlvitysuGhasoccun! 
in the spermatogonia Here there is a diminution in radio- 
sonflitirity m passing through the various stages from sperms 
togonfa to spermatozoa Post-radiation changes in tho earlier 
stages are easily recognizable but mature spermatozoa them 
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selves can be irradiated without loss of mobility or obvious 
histological change* That they have undergone very marked 
alterations is oh own either by non fertility or by the produc 
ticsn of abnormal embryos when they are used to fertilize 
normal ova The fact that their histological appearance is 
unaffected is an important one since it proves conclusively 
that severe functional damage may coexist with normal 
histological appearances Very probablj with the increasing 
application of micro-chemical and micro-physical technique It 
will be found that changes demonstrable by such methods 
have occurred with ordinary reagents and methods of pre- 
paration no deviation from the normal can be made out 
It has long been known that some neoplasms are much more 
sensitive to radiation than are others and various attempts 
have been made to correlate histological structure with radio- 
sensihvity Differences m the response of tissues to radia 
tiem are markedly shown in two recent experiments on rats 
by Colwell and Gladstone (1933) In one of them a radium 
plaque containing 24 mgm of radium element and screened 
with 0 1 mm of silver was applied to the surface of the 
abdominal wall for thirty minutes the hair having previously 
been clipped Twenty four hours later there was no macro- 
scopic evidence of change in tho skm but on opening the 
abdomen the underlying intestine was found oedematous 
and Bh owing obvious signs of inflammation. Harked changes 
of an inflammatory character were found on histological 
examination. 

In another case the y-rays from 123 mgm radium element 
(0-6 mm Pt filtration) were allowed to act for two hours 
Twenty four hours later the akin showed no visible changes 
hut the mtestme exhibited marked oedema and inflammation. 
It may be mentioned that m both these oases the cells of 
Auerbach s plexus were markedly affected by the radiation. 

In general it may be said that the least differentiated types 
of cell are the most sensitive Thus Cutler (1022-3) recog 
nixed three mam types 

1 Those m which the cells are adult in character with a 
tendency to heratimzahon and cell nest formation. 
These are resistant to radiation 
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2 Thoco in whioh there is a moderate degree of anaplasia 
— the ploxiform type — ah owing but few chare ct emtio 
squamous features and a moderate degree of Infiltration. 
This type is leas radio-resistant than the preceding 


sonata vo 

Whho the degrees of sensitivity to radiation are broadly 
In tho above order those of malignancy are of course in the 
inverse order and although local regression may ooour under 
the influenoo of radiation the early formation of widespread 
metastasoe may yet militate against a successful result It 
is in sxioh conditions as these that the question of the possible 
production of eomo form of immunity becomes on intensely 
practical one As said before when discussing the Brown 
Pear oo rabbit sarcoma (p 128) although visible metastasca 
do not commonly ooour in certain organa e g the liver and 
spleen, this freedom from secondary growth is not duo to 
non invasion of those organs by cancer cells Mioroscopio 
raotastasea can be demonstrated histologically and hy demag 
ing the reticolo-endothehal system by intro xntam staining 
the growth of weU-rl&roloped secondary deposits can be 
brought about m situations whjoh ore normally free from 
them 

The experimental work of Russ Cliambers and Soott 
strongly points to the production of some factor or factors 
which inhibit tumour growth and that such factor or factors 
appear daring tho destruction of cancer oellfl If this Is the 
ease the treatment of neoplasms of highly malignant and 
metostasing type by small individual foci of highly filtered 
y-radiation for a considerable period would seem to offer the 
beat means for tho formation of suoh antibodies in addition 
to this may be considered tho oontmued action of the radia 
bon upon cell and no clear membranes thereby facilitating 
the passage of such substances into tho oiroulation Obvio us y 
if such bodies exist their slow formation and escape h -0 ® 
the injured cells will bo more effective in favouring 
destruction of microsooplo metostasea than vrill single highly 


Those allowing a high degree of anaplasia with a com 
plete absence of typical squamous characters and for ming 
diffuse infiltrating growths. These are highly radio- 
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intensive doees whereby the cancer cells are rapidly destroyed 
The field is a very tempting one for speculation and perhaps 
in the fairly near future more light may be shed upon it by 
experiment and the statistical records of the results of radia- 
tion treatment 

It is to Dominica (1907) that we owe the therapeutic use 
of hig hly screened -/-radiation as has been said the effect 
of ^-radiation or of soft X or y-rays is Bimply to produce 
localized necrosis Necrosis can also of course be caused by 
well -screened -/-radiation (1 mm. platinum-}- 2 or 3 mm 
rubber) if the doao is large enough and the time sufficiently 
prolonged. The aim of all modem radiotherapy is how 
ever to eliminate this indiscriminate caustic action and by 
adequate filtration and graduated exposure to administer such 
doses as shall have the maximum destructive effect upon 
neoplastic cells with the minimum of damage to normal 
tissues It Is established that aome cells and tissues are 
more radio-sensitive than others and all evidence points to 
the fact that cells of the same typo show varying degrees of 
sensitivity at different stages of their mitosis and functional 
activity By suitably distributing the radiation both in 
space and time of application the chances of catching a cell 
m a highly vulnerable phase are much m creased The steady 
exposure to small unita of y-radiation so disposed as to give 
as uniform a field as possible has been found in clinical 
practice to give the best results and the repetition of X ray 
doses is now generally preferred to the administration of a 
single massive dose With too intensive local dosage it 
appears probable that the reticulo-endothellal sy s t e m may 
be so disorganized locally that ns Zacherl record* the first 
effect is a temporary o ve r growth of the irradiated neoplasm 
By careful adjustment of dosage as regards time intensity 
and wave-length it is hoped to leave the best possible chance 
for tho reticulo-endothehal cells to take part in the processes 
of defence and healing while tho cancer cell* arc destroyed. 

A great deal of work has been demo on the metabolism of 
cancer cells notablj by W arburg and other* in the hope of 
establishing some specific difference m this respect between 
neoplastic and normal cells If such absolute differences 


x 
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could bo established it might very muoh facilitate tbc 

problem of treatment 

Recent work by Crabtree and Cramer (1932-3) indicated 
that eusocptibfiity to radium is not a fixed property of any 
grvon type of cancer coll but vanes with ohongee in the en 
vironment and further that a primary effect of radium radia 
tion on cells tn vtiro is a selective diminution in their respira 
tion whUo glycolysis remains constant Tho broad cocci mu cm 
which these authors reach m their last communication is that 
it is possible to produce experimentally great variations in the 
susceptibility to radium of cancer cells by acting on tho 
respiratory mechanism of the coll Everything Booms to 
point to alterations in tho respiratory function as being one 
of tho ohief methods by which radiations act m addition to 
lack of oxygen from deficient blood -supply owing to vascular 
damage from tho radiations, we bare tho direct chemical 
notion of the radiations themselves, the reduotion in glut* 
thione tho inhibiting or destructive action upon certain 
oxidases tho aotion upon mitochondria (assuming these to 
bo conoeraed in the processes of oxidation, as most people 
consider) and lastly interference with tho permeability of 
the nuclear and cell membranes with probable Interference 
with olectrolyte equilibrium and so with the buffer reactions 
essential to respiratory processes 

Prom a consideration of tho preceding data it seems clear 
that tho action of radiations upon both normal and neo 
plastic tissue is a complicated one In ono typo of tiOTue it is 
possible that one or more of these actions may bo the doml 
nant factor while in different types other methods of action 
may be the ohief factors The fact that tho rolativo radio- 
sensitivity of skin and tumour tissue has been found by Russ 
and Scott to be reversed with different ranges of wave- 
lengths seems a most important and valuable practical oon 
tnbutkm to the subject By a judicious combination of 
X ray and radium treatment there seems a dofimte possibility 
of arranging dosage so as to obtain the maximum clinic*! 
benefit and the field far research m this direction seems most 
promising 

In order to ensure the best clinical results from ® 
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enormous amount of experimental work 'which has now been 
earned out extensive collaboration and co-opcration between 
all classes of ■workers fa essential 
It is becoming increasingly clear that a department of 
Experimental Radiology with laboratories for physical 
chemical and biological research is an integral and essential 
part of any institution where radiotherapy is earned out 
Even a casual reading of the work which has been described, 
in the present essay show a not only how immense are the 
problems which need investigating but how many are the 
different branches of science which must bo called upon to 
provido their elucidation 



KEFERKNCES 

CHAPTER 1 

Cowdby E V (Editor) General Cytology tliuv Chicago p nm, 
1924 Article by B Chambers. Bef*. to Lewi* and other*, 
Bavlisj, W Interjacial Force* and Phenomena in Phonology Loo 
don, 1923 

CcmrrEY E. V Contribution* to Embryology vih (25) 1918, 3 ? 

Review of litem lure on Mitochondria. 

Mayer Ratheby et Schaktteb. J de phyt el dt Path nn, 

1014 

Fry A not Record xlri 1930 1 
Kates. Anal Record -rUr, 1931 277 
Cramer and Ltjdtord J Phytiol In, 1 CIB, 398 
Mobley and Surnr AnaL Record xlv 1930 377 
Sirmr and AToklet AnaL Record xlv 1830, 383 
CowdRY E- V Gen . Cytology Articled on Golgi apparatus and 
Nucleus. 


CHAPTER IJ 

Lind S G. Amer J Roentgenol xxi, 1929 480 
Hardy IV B J Pkyriol ^ 1003 (Proc. Phynoi. Soc., May 1003 ) 
Henri et Mates. Compter rmdus crxxvxii, 1904, 531 
Colwell and Bess. I’Toc, Physical Roc. mV 1013. 

Radium X ray* and the Living Cell (2nd «L) London, 

1024 (Account of earlier Trade an Colloids.) 

Fernait und Pauli Rtoch EeUsckr Ixx, 1913, 42$. 

KoOoid ZeUrehr xx, 1917 20 

Crowiheb and Faibbhother. Phil Mag iv (xa), 1027 335 
FaiRHH/ttheb, J A.Y Phil. Mag vi (xa) 1P28, 385 
Cbomtheb, J A. PhiL Mag vii (xa) 1939 85 
FaeebbOtheb, J A. V Uni. J Radiol, i (xa), 1938, 131 
CajieSON A. T Text-boot of Biochemistry (3rd od ) London, 103] 
Colwell. H A. Lancet, cca n dl, 1932, 932- 
Bdmner, J B J Biol Chem lxix, 1DJ0 435. 

J Biol Chem Ixx, 1020 07 

WAiJ3»CHini>T>!LErnf und Stetokrwaldt Entschr f phyriol. Che 
«ii<, trrev 1031 250 

No htbup J IS J Gen PkyrtoL xuS 1030 730 "07 
Beroell und Bickell. Verk. d 22 Kongres* f Mtd^ 

1900 

Wnxcocr. J Phytiol. xxnV 1 005, 207 
Henri et Mater. OxL Cohrell and Ron. 

K nTMTTt T 'KrrvLxrre Hofmrieterr Bextrdge, v 395 vj 175 
Bold mu et Gaumihd Cit. Colcrcll and Boaa. 



16“ 


REFERENCES 

Colwell and Rum Radium X-raj/* and the Ltv\ng Cell (2nd «L) 
London, 1924 Give* an account of older work on Enzyme* 
HcsitET and Tboupbok J Gen. Phytiol v 1923 647 vi, 1923, 1 
vi, 1923, " 0 , 1926, 211 ix. 1626, 309 
OniM urt, H 0 Tenth Sex. Rep Imp Cancer Ret Fund 193° 
SiLKcnvsn Zed / lltn Med xvii 1890 Sapp 77 
Jacoby Zextschr / Phyenot Chem xxx, 1900 149 
PcfCTJMOHX and Roques. Bioehem ZeiUchr bav 1914, 1 
Mocbse, J J Biol. Chem xlvi 19°1 46 ( Proe Amer Soe. BioL 
Chem.) 

Derxby K. G J BioJ Client xxxv 1918 179 
Bradley J Biot Chem. 1H, 1922 407 
Dekset K- G Bioehem f.aLiehr ggadll, 1922, 432 
Bradley and Taylor. J Biot Ch*m. xxv 1910 261 
Lawe-Claypox and Schryver. J Phynol rm, 1904, 169 
Koehler, A. E . J Biol Chem Iv 1923 Tiii (Prw Amer Soe Biot 
Chem ) 

Koehi-Er, Bbuhquiit and Loevexha&t J Btol Chem lv 1923 lx 
(Proc. Amer Biol. Chem ) 

S eyres ohatjb Koehler, and Bradley J Biot Chem Ivii, 19*3 
163 

Fletcher, W 3L J Phyeiot xlm 1911 286 

Wells H G J Med. Set xv 1906, 149 

Ptotteb. JRmcA Med TT’ocA In, 1914 1329 

S cna r v eb . RrocA Jdum, u 1906, 144 

Orm. J Exp Med rli, 1905, 816 

CoapEH, H J Exp Med xv 1912,429 

DietP-Tch drcA. a. d path Inti Tubingen iv 1904 302. 

Feuatt Strahlenihempie xix, 1925 142. 

Rosexhziii and Kno Ann Renew of Bioehemitiry id, 1934, 87 

DobRc. RiocA Jl iv 1909 72 

Dodds Lancet ccxm, 1934 031 

Wells, H G J Med Ret xvii, 1908 401 

Roito and Correa. Strahlenihempie. xxr, 1925 MI 

Rctno and Dzoiobql Stmhlenth empte xm6, 1929 385 

Homss, F G Bull Johns Hopkins Hoep xxxu, 1921, 321 

Coldwater K B Prw. Soe. Exp Biol, lied., ini, 1930 1031 

Crabtree, H G Tenth Set Rep Imp Cancer Res Fund 1932. 

IToxd PjUlfftrt Arehir co 1923 374 

Colwell and Reas Radium -3T ray# and the Living Cell 1924 

Wei-9 Strahlenihempie xvi, 1920 240 

Wels and Thiele. PJlugert Arehxv eax, 19_5 49 

CHAPTER III 

Colvteix, GtADBTOXE, and Waxelet J Anal lvii, 1023 1 
J Anat. lx, 19*6, 20“ 



158 REFERENCES 

Gladstone and Colwell- J Anai Ixviii 1933, 85 
Colwell, Tnouraoir and Wake ley J And IvliL, 1923 
Colwell and Thompson Lancet* 1920, 59 

• Am. J Roent. xvh, l&il 1 

HAuaaiAirsr TFien Klin. Woch xxix, 1910 1289 
Pioeerccq and Colltni J Physiol. lvd, 1923 ; xxv (Trans, PhyiloL 
SOQ ) 

Koctl Strahlentherapie, xxv 1927 470 
Gouiirroar D BnL J Radiol v (icj ) 1932, 775 
NOrnbeboer Virchow Archie ocxlvi, 1923, 239 
Wail und Fkexexl. Virchow Archiv cdv2, 1925, 845 
Lultord Tenth Sci Rep Imp Cancer Res Fund, 1932, 

Becitow and Rusa. Tenth Cancer Rep^ Middlesex Hosp. 1911 99 
Strahoeways, T 8.P Tissue Culture. Cambridge, 1924 
Colwell and Rosa Radium X ray* and the Ltvtng Cel Z, 1924, 
(Gives an acoonnt of the earlier work on Mitosis,) 

Mottraw J O Cancer Report, Middle*** Hosp 1913,08 
Reoaud C Bull, de VAseoc frajip. pour VRodt du Cancer xii, 1913, 
482 

IIoLTirusKf H. PJlUgere Archtv olxxxvii, 1921 1 
Alberti und Poutier. Arch f mil. AnaL, a 1923 83. 

Fortechr a. d Oeb d Rbntgenstrahlen, xxxli, 1924 65. 

Strahlentherapie, xxi, 1920 635 

Straxoiway* and Hopwood Proa Roy Soc. (b) c, 1928, 283 
Vncxmi heroer, P Comp rend Soc. de Bud. xcviii, 1928, 532. 

Love, W If. drcA. / Exp ZeUJorech. jd, 1931 403 
Straxoeways, T S P Tissue Culture. Cxmbrxlge, 1924 
Boveri T Oil Ludford. 

Ludford Tenth Set Report Imp Cancer Re* Fund 1930 
Straeoewayb and Hopwood Proa Roy Soc. (b) c, 1928, 283 
Speak, F G Pro* Roy Soc. (b) cvi. 1930 44 
Caxti and Spear. Proa Roy Soc. (p) cii, 1927 92. 

Eronrow and Mottram. Lancet 1931 1230 
Spear, F G Proa Roy Soc. (b) cx, 1032, 214 
Mottrav, J O J Exp Bud vii, 1930 370 
LacaMaoee et Mould Arch de Vlnst du Radium- 
Wolbaoh. Am. J Roent xui, 1925 139 

CHAPTER IV 

Ascnorr Erycbnitsed Mtd u KinderktUk. xxvi, 1924 1 
Laedau and McLee Ziegler s Beilraffe lviu, 1914, 867 
Hetdxehaik and Fried Arch / Klin. Ckir cxxxm, 1924, 6* 
HoLxnrECHT G Am J Roent. xv 1920 332 
Bewjajhw und Qluxa, Wien. Kim. Woch. xxl, 1908 31 1 
La wee MiU a d. Orenxpob d Med u. Chir xis 1909 141 
VOJr Hedtrioe. Centralbl / Baktsriol lxx, 1913 421 



REFERENCES 159 

Mtrmnrr and Erxin. J Exp Med. xx 1914 397 
Hrrr orf L. J Inf Diseases xvii 1015 415 

J Inf Disease* xxii, 1018 28 

Hectoex and Cobper J Inf D waits xxvi, 10*0 330 
Lippji urf und Plebch Zeitschr f ImmttnMlsfonch xvii 1913 548 
1U.VTO and Ctnrrf3rx. Berlin Klin TTocA II 1914 209 
Cortes, II J J Inf Dtttaset xx\ 1919 248. 

Heetoex and CORrER. J Inf Disrates xxvl, 19°0 330 
Cortex and Chovet J Inf Diseases xrvji, I0°I 491 
Cortex, H J Amtr Rertev Tubere H, 1918 5S7 
K m.m J Med J?fi xtxIt 1918 03 
— — J Inf Dataset xix 1010. 09 

J Inf Disease t xxii, 1018 *8 

Hektoex and Cortex. J Inf Dataset xxxi 19_* 305 
Pruo'VDB aixl Joxes. J Med Res xxxin 1915 183 
Bexjamix und Glxtxa. Wxen Klin II och xxj 1909 311 
Adleb und Hcnu.'rf FeUsehr f d get exp Med xlvn, 19*5 fll 
J \ rr £ uml Bermvx Arch Path \ 19_8 1020 
Pohle and Dan 4m J Roent xxii, 1920 439 
ScHWitxnoMT Beit path A not lixxi 1P*9 395 
Bex abb i, E. Radiol Med xvi, 19*9 8 4 
Mwcstbcitexxo J P Strahlentherapxe xxxii 19*0 154 
Moon.xmc\ und PodUabcitux ForUehr a d Ctb d ROntgen 
struhUn, xl, 19*9 1090 

ForUehr a d Orb d RSnt xli 1930 06 

CHARTER T 

Wogxom w H Cancer Remew fv 1029 1*9 

Rubs, 8 Canad Med Jl xii, 1922, 841 

Rowell. Fifth Set Rep Imp Cancer Re* Fund 1912. 

Haalaxd II Proc. Roy JSoc (n) Ixxxu 1010 293 

Chambebb H CU Chamber* and Scott 1924 

Coxtamdt ComjA. rend Ac. det Sci cl. 1910 1-8 

\Vedi> and Rc*b J Path and Bad xvu, 191.-3 1 

Wedo Mohsox and Kuw J Path and Bad xvm, 1914 666 

Chaxiberb and Bcott BrU J Exp Path, v 10.4, 1 

Camel, A. J Exp Med xvn, 1913 14 

A. H Bnt J Exp Path id. 19** 20 iv 19*3 40 
Babbtobp Muebat and Haalaxd Third Ben Rep Imp Cancer 
Re* Fund 1908, 3 6 

Chambers Rrr**, and Bcott Lancet (i) 19 212. 

CHAimERs and Bccrrr Bnt J Exp Path vn, 19*6, 33 

' J Path and Bad. xmu, 1930 653 

Faxo C F Zettschr f ImmunUattforsch v 1910 Heft 1 
~ Fifth Sci Rep Imp Cancer Ret Fund 1912 
ilAXMOTT A. Cowdry a Spcctol Cytology i 19 S, 427 



100 REFERENCES 

LuDroap Tenth Set. Hep Imp Canoer Re* Fund, 1032. 
Fouxm, L Tenth Set. Rep Imp Cancer Re* Fund, 1031 
Chaiutem, Scott and Rush. J Path and Bad. xxiil 1020 $gt 
IIottrau and Ru*a Proc Roy Soc. (a) xc, 1017, 1 
Zaoherl, H. Strahlentherapie mill 1019 513. 

Klin. Wochcnechr ir 1030 289 

Bbuda. Zeittchr f Krtbejortchvng 1028 No 27 
Ptkitter urul Dntoi. Zeutchr / Exp Med 1019 

CHAPTER VI 

Lagabsaonb et Monop Arch, da TlnH. du Radium, i, 10H 
CAm and Donald so if Rnt. Med Joum. 1023 
Ross and Soott Brxt J Radiol U (in). 1929 300 

Brit. J Radiol ( B.I.R. Section), August 1027 

Brit. J Radiol ii (njb ) lO*^ 301 

Rubs, S Proc. Roy Boo. (fl ) xov 1 013 
CiTAifTRAlins H. Strahlentherapie. xvili, 1014 83 
Chabtrhb and Crameb. Proc. Roy Soc. (b) cxiU, 1033, 225 



index of authors 


Abdeihalden, 9 
Adler 113 
Alberti, 88 
Aacbofl 101 

Bayliaa, 1 3 10 
Beckton, 7ft, 

B e cq oc r d, 1 
Benied, lift 
Benjarmn, 107 11— 
BwseU.37 

Beryomi, 88 
Bams, 113 
Uictell, 37 
Blanc, 88 
Boren, 95 
Brndley 42, 43. 

Brflda, 130 
Brtmjjunt, 4— 

Cajal, 17 lft, 

Cahtl, Us, 140 
Quitl. 120 

Chamber*, H*, lift, 
ISO, 12 2, 124 ltfl 
1S8 129 120, 149 
162. 

Chamber*, IC, 8 10 
Cbovey 111 112, 
Ckrwea, 10 
Cold water 01 
Colhna, 74 

Colwell, 22, 30 47 05 
08,71 ftl 84 87 94 
148, Ifll 
Contamm, 119 
Corow 46, 47 110 
111 11 
Correa, 89 

Cowdry 13 14 18 17 
Crabtree J8, 0*. 153- 
Cramer lft 164 
Crowther , 24 

Da Fa qo, ]*fl. 

Davy 113 
Deffwrgi, 60 
Deroby 41 45 
Dietnch, 47 
Dodda, 68, 64 

Domauei, 153 
Donald *oo, 138, 140 
Dorie 58 
Drew 1*0 


Ibdaxrw 98 
E3ha, 108 

Fabbrotber _2, 25 37 
Fdl, 147 

Fernau, _2, 23 57 
Fletcher 44. 

Boater 1 
Foulda, in 131 
FrlnVel, 110 
Frenkel. 76 
Fited, 10ft, 114. 

Fry 16. 

Getenby 17 
Gladstone 47 68, 81 
84 87 04 148, 151 
Qoldm&nn, 105 
Goukton. 74 
Gmnpertz, 110 
Gye, 124. 

Haaland, 118 
Hardy 22. 

Hanamann, 74 
Hmdenham, 10ft, 114. 

on Heinrich, 108 
H ktoen. 100-11 
Horn, 22,37 
Hertwig 87 
Holthaaen, 88 
Holiknecht 106 
Hoppe-Scj'W 40 
Hopaood, 88, 96 

Jacob#, 12. 

Jaffft, 113 
J oea, 112 

Hater lft, 17 
Kmf 87 
Kmcibary 18 
Koch. 74. 

Koehler 4_, 43 
Kraaae 88 

Lacaaatfne 99 1 JJ- 
38. 

Landau, 103 
L*ne-Cl*ypon, 42 
L4»en, 107 
Lawatm, 110 (In.) 

Lea ta, 15 
lippmann, 110 


Loevwhart 42. 

Love 88 

Ludfocd, lft 6, -9 81 
96 126, 138 

ilacallnm, 14. 
lichee, 105 
Mayer 15 
Maiuixrw 104, 

Meyer 22, 38. 
ICachtachenko, 116 
Moplxutaky 116 
Monod. 183 13ft, 
Moriey 16. 

Horae, 40 
Horacav, 119 
Mcttmn, 88, 89 98 
120 

Murphy 108. 

borthtrp, 36 
hOmbergtr "5 

Gpla, 45, 46. 

Pank, 22, 23 
Perthaa, 87 
lMelO« 4ft, 130 
Fickerinm 74 
Piiwi—i iTui, 40 
Pleach, 110 
PtxDjaardrak, 116 
Fohle, lift 
Pohtter 88. 

Pardea, 10ft. 

Bathery 18 
Begaod, 14 15, 88, 

116 

Rermann, 112 
Roffo, 59 
Rflotgen, 1 

Boqoen, 40 
Hoaenhetro. 67 
■Ram, 22, 85, ft 117 
119 1 1 128, 1-9 
141 143. 144, 146 
148. 15- 164. 
RttaseU, 118 

Schaeffer 16 

Schmidt Vlelaen, 37 
8chry\er 42, 46 



102 INDEX OF AUTHORS 

Schwlenhorat, 114 Sumner 35, 30 Warren, 51 . 

Scott, 108, 1*0-5 1*8- Wedd, 119 

30 135, 141-5 148, Taylor 42. Well*, 45, 47 58. 

152, 154. Thiele, 58 Wd*. M 

Selling, 111 (In.) Tbmnpaoo, 38, 71 Wfcfppfc, 54 

Sevrinehaan, 43 Tribond e* a, 88 Willeock, 37 

firmand*, 112. Wadow, 117 

Sluk*, 107 111 Vtotemberger 88 Wolbacb, 99 

Smith 10 

Spear 07 Wafl.75. 

Stracginray*, 84 88 WaM*ehmJdt-IWta,35 Zacberi, 110 153 

91-7 147 War bury 153 1 Zlegfer 88 



INDEX OF 

Add fuchttn, 9 I 

A ode**, 42 - 

Adrenal*. 5S | 

Ar n^tim m, 107 11 -, 117 
Alcohol, 15 
Alumna, 9 
Alpha raya, 21 22 . 

Amlrur-actd*. 11 41 
Anaphylaxi*. 103 . 

Anion*, 11 

Antibodies, 103 - 18 , 152 . 

AnlaoptK*, 44 
Alton* 87 89 
Aitcna* 58 

Autolyn*, 38 , 39 - 54 , 84 101 111 
116 , 148 , 140 

Htstolojpcnl changes in, 45-7 
Effect of autl*eptm* on, 44 
Effect of liqtnd *ir on, 53 
Intent period 4 _ 

NncWr changra in, 47 
Stage* of 42 , 44 . 


Baeteriolyam*, 107 112 
Basin dye*. 8 . 

Bet* raj *, 2 (fn.) 3 21 2 -, 23 , 30 
31 38 39 41 4 48 , 49 50 50 
62 , 05 . 65 58 71 73 , 78 6 , 9 
89 64 , 98 10 *, 119 
Blood -eerum, 45 
Blood %e*ariU, 99 147 148 . 

Brown Pearce rabbit larcoma, 128 


Carbon dioxide 93 
CeD, general effect* of radiation on, 
67-103. 

granules, 5, 1-, 51 73 
membrane 5, 0 10 11 49 51 
88, 87- 4 1D_ 
structure 3-*0 

C2*trucal action* of radiation*, 1- 

68. 

Cholesterol, 2, 54 58, 69 60 
Chrorcndta. 5, 18 

Clnon>o*anie*, non -disjunct Km of 

Co^nxyme*, 38 
Collagen fibre*, 99 148. 

Colloid*, 1 l_30 

Separation by ret Icnlo-endotbeLial 
*T*tem» I] -18 
Complement, 113. 

Congo red, ll - 13 . 


SUBJECTS 

Cytologteal analysis of cell react ion 
to tumour implants, 126 
Cytoplasm, 5 , 12 , 41 47 80 , 51 6 _ 
Action of radiations on, 4-80 
Cytoplsemo Inclusions, 5 1 -, 63 

Di**o*1tira 19 
Dcrman equilibrium, 73 
Drosophila^ 98 . 

Electrolyte equilibrium, 09 10 
Embryonic cell*, 17 01 
Endotbelhzm, 50 
Ernxyroea, 33 - 54 . 

Eosm, 9 127 

Folliculin, 60 

Gamma rays, 3 , 21 22 , 38 , 39 60 , 
89 93 98 , 102 , 114 , 145 147 161 
153 

General effect* of rad Mt Ion on cell*, 
67-103 

S umm a r y 99-103 
Ghicoae, 11 

Glutathione, 60 102 , 151 . 

Gold numbers, 65 

Golgi apparatus, 6 17 75 79 

OoulstociAn lectures, 58. 

Haemato-encephalic barrier 115 
Haemolysm, 111 
Heferoiyais, 45 46 . 

Hydrogen -*on concentration, 38, 41 
Hydrogen peroxide 23 24 33 

Immunity reactions, 104 - 16 . 
Immunity to transplanted tumours, 
118 , 119 1 D-J 
Inteat me and autolvsis, 64 . 
Intracellular enayme*, 46 . 

Iona, 9 11 
Iron oxide 118 . 

Janus gre en , 8 15 

Jensen* rat sarcoma, 141 143 144 

Katlona, 11 
Herat lunation, 102 . 

KOpffer cell*, 104 

Lac tic acid, 44 . 

Lecithin. 2 , 54 55 . 

Letbal do»e of radiation for tumour* 
( 8 co«), 140 . 



164 

Lcocin, 40, 

I^moocytes, 48, 128 
Lecootcndo agent*, 111 
Lipids 04. 

Lipin*. 53. 

Liquid air 51 
Lytins, 100 


Maerosames, 5 
Male g er m ceUa, 150 
Matheanatloal explanation* 3 
'Jlesenchymin ISO 
Metabolkm, 02—4 
Methylene blue 8 SO 
Mlcro-d— rrrtlon, 1 2, 5-8 
Mlcrosomes, 5 12. 

Mitochondria, 6 12-18 68, 75-0 
102, 154. 

Mltoai*, 88, 05-8 
JInoold change, 103. 

Neutral red, 8. 

Nia*l aubatance 18 
Nitrates, 33 

Nuclear membrane, 5 68, 80, 15 
Nnclecv protean*, 6 
Nucleoid*. 5 

Nucleus, 5 18-20, 49 63 88, 80-98, 
101 117 

Older hlatologicsl method*, 1 
Oocytes, 15 
Opsonin*, 112. 

Orange G., 127 

Oxidases, 38 164 

Oxidation, 42, 98, 101 126, 154 

Pepsin. 36, 37 38. 

Peptides, 41 

Pegtone (Witte) action of fl-nyt on 

Peptones, 41 
Permanganate, 32. 

Phagocytosis, 40, 114 
Pbospholipina, 18. 

Potasafnm in rad blood -colls, 9 
in blood plasma. 9 
Preofpftfos, 111 107 11 7 
Proteases, 41 
Proteins, 1 23-30, 64. 

Purines, 41 


DTDEX OF SUBJECTS 


Pycnosls, 85-7 
Pyrurki add, 37 

Red blood -corpuscles, 13, 40, 59 73, 

74 

Reducing action of 5-ray*, 30-4, 
Reticalo-eodothellaf ayitem, J7 
104-10, 117 128, L.7 1*3, 12$, 
130 

Retina, 89 
Rhodamin, B., 137 

Serum (Inhibitory effect on ante- 
lj»i«X 48. 

Sodium in plimu o 
in red blood -ceUa. 9 
Spermatogonia, 160. 

Spermatozoa, 13 150. 
Snocrfnoxid**©, 38. 

Surfaoe tension of protein sok^ M 

Tadpole akin, effect of X ray* on. 

Technique Importance in t concur 
inoooWtan, 125. 

Theario* of action o 1 radiation, 
Thorium 110 111 
Tisane cultures, 1 01-4 
Trypan bine, 9, 115 118, 127 123. 
red, 9 

Trypsin, 38 41 

Tumour growth and hd entire radia- 
tion (ehniosl), 130. 

Tumour growth and radiation, 1 17- 
32. 

growth Inhibiting factor 132. 
immunising action of radiation 

implanUtion aftsr radiatiew of 
site, 143 
Tyrosin, 40 

Urease, 35 

Vital new red, 157 
Vital staining, 1 128-130* 

V rays, 1 3 31 83, 3* *M T f 2’ 
01 88. 08, 71 73, U 84 JI 
105-10 112, 110, 129, 153, 14a 
143-5 147 1W 




